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Abstract 
Ecological restoration often involves revegetation. I have investigated the impact of 
revegetation on the distribution, abundance and body condition of skinks on Stephens Island 
(Takapourewa). I tested the prediction that only one, Oligosoma infrapunctatum, of the four 
skink species (Oligosoma lineoocellatum, O. nigriplantare polychroma, O. infrapunctatum and 
O. zelandicum) will benefit in terms of abundance and distribution from revegetation. Stephens 
Island is a Wildlife Sanctuary in the north-western Marlborough Sounds, New Zealand. The 
island is known for its diverse and abundant reptile community. Prior to the mid 19th century 
Stephens Island was covered in forest. Nearly 80% of this forest was destroyed following the 
establishment of a lighthouse and farm on the island in 1894. In 1989, when the control of 
Stephens Island passed to the Department of Conservation, reforestation became a key 
conservation goal. Stephens Island is currently a mosaic of different habitat types from pasture 
to coastal forest.  Pitfall traps caught skinks for a mark-recapture study in four replicated habitat 
types: forest, tussock, pasture and replanted.  
Oligosoma lineoocellatum comprised 75% of all individuals caught.  Densities of O. 
lineoocellatum were higher in replanted habitat (3020/ha in December and 3770/ha in March) 
than tussock (2690/ha in December and 2560/ha in March)  and lowest in the pasture (1740/ha 
in December and 1960/ha in March).  Rates of captures were too low to perform density 
estimates for the other three species. Trap occupancy rates indicate O. nigriplantare 
polychroma is more common in the tussock habitat, and O. infrapunctatum is more common in 
the replanted habitat. Few O. zelandicum were found, primarily in the tussock habitat. Pasture 
areas replanted 13 years ago (now scrub habitat) support a higher diversity and abundance of 
skinks. Forest areas remain depauperate of skinks. Skink preference for replanted areas 
suggests that, for now, revegetation benefits their populations, possibly due to greater food 
sources, lower predation pressure and a wider thermal range. 
Body condition (log weight/ log snout-vent length) and proportion of tail loss of skinks were 
similar in the different habitat types. However, both O. nigriplantare polychroma and O. 
lineoocellatum had higher body condition in the replanted than the tussock habitat. Juvenile 
skinks had significantly lower body condition and a lower proportion of tail loss. Skink body 
condition was not negatively affected by revegetation or by different habitats, despite the large 
differences between the habitats. 
  Revegetation currently benefits skink populations. Maintaining a mosaic of habitat types is 
recommended, because, should revegetation create more forest habitat through plantations or 
plant succession, it is likely that the population of all four species of skink will decline.  
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Chapter 1 
 
Introduction 
 
1.1 The research question 
 
Offshore islands contain a disproportionately large amount of New Zealand’s biological 
wealth. They contain species that may never have occurred on the mainland as well as 
those that are now restricted to offshore islands, such as the tuatara (Daugherty et al. 
1990). Due to geographic distance and the need to cross water, islands are 
comparatively difficult for introduced predators, the biggest threat to native biota, to reach 
(Towns and Daugherty 1994). Although the human alterations of islands have often been 
as devastating as those on the mainland, some species have found refuge on them 
(Craig 1990). Of New Zealand’s extant reptile species, 41% (27 out of 65 species) 
survive entirely on rat free offshore islands (Towns and Daugherty 1994).  
 
Ecological restoration is considered an important part of conservation, but extensive or 
indiscriminate revegetation may endanger the existing fauna (Simberloff 1990a). 
Changes in habitat can have severe consequences for some species (Towns and Elliot 
1996). In areas with a diverse range of fauna, such as Stephens Island, it is important to 
protect a wide range of habitat types (Bury and Pearl 1999). 
 
In 1992, East et al. (1995) studied the spatial distributions and relative densities of the 
four skinks species: Oligosoma infrapunctatum, O. lineoocellatum, O. nigriplantare 
polychroma, O. zelandicum on Stephens Island.  They examined habitats that 
represented the probable sequences of succession from short grass to mature bush 
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(East et al. 1995).  The vegetation on the island has changed due to plant succession 
and replanting by the Department of Conservation. East et al. (1995) predicted only one, 
O. infrapunctatum, of the four species of skink would be enhanced from revegetation. 
This raises an important question, might vegetative restoration be negative? 
 
This project re-examines the abundance and distribution of the skink species on 
Stephens Island, focusing on four habitat types (forest, tussock, pasture and replanted) 
including the East et al. (1995) sites. It has two aims; the first aim is to determine the 
effects of revegetation to the skinks of Stephens Island. The second aim is to determine 
the conservation implications of restoration for the management of reptile populations. To 
meet these aims I plan to answer the following questions: 
• Can we determine the abundance and/or distribution of skink species in the four 
habitats (forest, tussock, pasture and replanted) on Stephens Island? 
• Has replanting altered the distribution and/or abundance of skink species since 
the East et al. (1995) survey?  
• Do the different habitat types have an impact on the body condition index and the 
rate of tail loss in skinks? 
• Can we provide an estimate of skink survival in the wild by locating individual toe 
clips from East et al. (1995) survey? 
 
The answers to these questions will determine whether the revegetation of Stephens 
Island is beneficial for skinks and other more endangered species of reptile. At the end of 
the project I make my own predictions for the future of skinks on Stephens Island.  
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None of the skink species studied are endangered or rare (Towns et al. 2001). However, 
all except the common skink O. nigriplantare polychroma have limited distributions. This 
study may provide a useful indicator of how environmental change may affect reptile 
species. The knowledge of how plant succession affects reptiles is important for the 
future of conservation management not only for Stephens Island skinks, but also for 
reptile conservation management and translocations. 
 
1.2 Study site 
1.2.1 Stephens Island 
Stephens Island (Takapourewa) is situated in western Cook Strait, Marlborough Sounds, 
New Zealand, three kilometres north of D’urville Island at 174o00’E and 40o40’S (Figure 
1.1).  
 
Figure 1.1 Location of Stephens Island (TopoMapNZ-2.0).  
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The climate on Stephens Island is oceanic, with high winds (often salt laden), moderate 
rainfall and mild temperatures. The island is 2km by 1km (150 hectare) and reaches a 
maximum elevation of 283m. There are steep cliffs on the western side, and the eastern 
side is composed of hill slopes that are steep south of the summit. There are numerous 
small gullies, but no permanent fresh water (Walls 1988). 
 
The island has a highly diverse reptile community, with the largest New Zealand 
population of tuatara, Sphenodon punctatus (East et al. 1995), one of three populations 
of the gecko, Hopodactylus stephensi, (Gill and Whitaker 2001), two other geckos 
(Naultinus manukanus, Hopodactylus maculatus) species and the four skink species. 
Rich soils, numerous invertebrates and the absence of mainland predators contribute to 
the abundance of reptiles (East et al. 1995, Markwell and Daugherty 2002). There is no 
evidence that rats have ever reached Stephens Island. Cats were introduced and are the 
probable cause for the extinction of the Stephens Island wren. The decision to remove 
the cats came in 1899. By 1910, 700 cats had been killed and all cats were removed by 
1925 (Brown 2000). 
 
Stephens Island was covered in forest until late last century. Following the establishment 
of a lighthouse station and farm in 1894, burning and grazing destroyed 80% of the forest 
(Brown 2000). The island is now a mix of low forest, vineland, scrub, tall and short grass 
fields. Plants recorded from Stephens Island total 222 species, two thirds of which are 
native (Walls et al. 1988). A Department of Conservation officer lives permanently on the 
island to manage the restoration process, the sheep, island maintenance and protection. 
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1.2.2 Revegetation of Stephens Island 
The loss of forest on Stephens Island became an issue in the 1920’s, but little was done 
to protect the remaining patches of bush from the livestock (Brown 2000). By 1949, the 
sheep numbers had risen to 400, the Frogbank was described as a picture of desolation 
and stock had decimated Ruston Bush (Brown 2000). In 1951 a fence running along the 
edge of the forest remnants and the cliff edge was completed, protectingRuston Bush 
and the southern two thirds of the island from livestock (Brown 2000). By 1975 a fence 
along the cliff top of the northern end of the island, confined the livestock to the 
paddocks. The Wildlife Service under Brian Bell did limited amounts of restorative 
plantings from the 1950’s onwards. 
 
In 1989 the management of Stephens Island was transferred from the Ministry of 
Transport to the Department of Conservation. With conservation now the priority on 
Stephens Island, revegetation of the island became a primary objective (Brown 2000). 
Cattle were removed, but the sheep remained to retain areas of pasture for nesting 
tuatara and to keep the grass low to prevent the potential spread of fire. 
 
Under the 1992 Stephens Island revegetation plan, the majority of pasture is to be retired 
and replanted over the next 10 -15 years (Brown 2000). The Frogbank (to protect the 
native frogs) and the corridor (linking the two surviving forests) are the first foci of 
revegetation (Brown 2000). It is aimed to plant about 10,000 seedlings on Stephens 
Island per year. Areas that are too heavily burrowed for assisted revegetation will be left. 
When the existing sheep die, they will not be replaced. All areas that are currently 
pasture will be replanted, with the possible exception of the tuatara nest areas. Figure 
1.2 shows the vegetation distribution of Stephens Island in the year 2000. 
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Figure 1.2 Stephens Island 2000. 
 
1.3 The skinks 
There are 34 extant species of endemic skink described in New Zealand. These skinks 
fall into two genera. The Oligosoma skinks, formerly in the genus Leiolopisma (Patterson 
and Daugherty 1995) have shallow pointed heads, bodies that are oval in cross section 
and long limbs and toes. They are more common in open habitats, active by day and sun 
bask. In comparison, the Cyclodina skinks have blunter heads, squarish bodies, short 
limbs and toes, prefer shaded habitats, and are nocturnal or crepuscular (Gill and 
Whitaker 2001). Of New Zealand’s 34 skink species, 26 belong to Oligosoma and eight 
belong to Cyclodina (Gill and Whitaker 2001).  
 
The New Zealand skinks are primarily carnivores, feeding on any arthropod that they can 
overpower (McCann 1956). Most species also eat soft fruits (Gill and Whitaker 2001). 
Stephens Island is home to four species of skink, Oligosoma lineoocellatum, O. 
infrapunctatum, O. nigriplantare polychroma and O. zelandicum. 
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1.3.1 Oligosoma lineoocellatum. 
O. lineoocellatum has a brown, olive green or bright green back with distinctive pale 
green spots edged in black (Figure 1.3). The dorsolateral stripes are usually predominant 
and the belly can either be grey, pink or red and is unspotted. They can reach a size of 
111mm in snout vent length (SVL) (Gill and Whitaker 2001). 
 
 
Figure 1.3 Oligosoma lineoocellatum. Picture from Gill and Whitaker (2001) 
 
In the North Island O. lineoocellatum is restricted to eastern areas from Hawkes Bay to 
Wellington. In the South Island it is wide spread in eastern areas from Nelson, 
Marlborough Sounds to south Canterbury (Pickard and Towns 1988). Generally it is 
found in areas of open grass or scrubland areas from sea level to the subalpine zone 
(Gill and Whitaker, 2001). Its diet is mainly insectivorous, but includes other forms of 
ground dwelling animal life such as crustaceans. Oligosoma lineoocellatum young are 
born in late summer to early autumn (Robb 1986). 
 
Some mainland populations seem to be in decline, for example in Wellington at Turakirae 
Head O. lineoocellatum was once common, but now is relatively rare (Whitaker 1982). 
Island populations have not shown similar declines, for example, the species is the most 
common reptile on Stephens Island (East et al. 1995) and is abundant on Matiu-Somes 
Island (Neil 1997). 
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1.3.2 Oligosoma infrapunctatum 
O. infrapunctatum is brown, striped and heavily speckled (Figure 1.4). The longitudinal 
stripes and bands have irregular speckled margins and undersurfaces are grey, yellowish 
or orange and heavily spotted (Gill and Whitaker 2001). The maximum reported SVL is 
106mm (Gill and Whitaker 2001); however the individuals on Stephens Island are known 
to be larger, up to 240mm total length (Robb 1986). 
 
Figure 1.4 Oligosoma infrapunctatum. Picture from Gill and Whitaker (2001). 
 
O. infrapunctatum has a widespread but patchy distribution.  It is found on Whale Island, 
Bay of Plenty, Waikato, central North Island, Wairarapa, Stephens Island, Nelson, and 
northern Westland. O. infrapunctatum is generally found in open forest, scrubby areas, 
tussock country (Gill and Whitaker 2001) and in semi arid habitats (Neilson 2002). Of the 
four species of skink studied, O. infrapunctatum is the rarest. 
 
1.3.3 Oligosoma nigriplantare polychroma 
O. nigriplantare polychroma pattern varies in different regions. It is brown with prominent 
stripes and often speckled (Figure 1.5). The underside is grey or yellowish and usually 
unspotted. It reaches a maximum size of 77mm SVL (Gill and Whitaker 2001).  
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Figure 1.5. Oligosoma nigriplantare polychroma. Picture from Gill and Whitaker (2001). 
 
It is found in Hawkes Bay, central to southern parts of the North Island, throughout the 
South Island and Stewart Island. It inhabits dry, open areas with low vegetation or debris 
such as logs or stones for cover. Oligosoma nigriplantare polychroma is common in 
coastal areas, shingle riverbeds, tussock grassland (Patterson 1992), farmland and 
urban areas, and may reach an altitude of 1700m (Gill and Whitaker 2001). 
 
1.3.4 Oligosoma zelandicum 
Oligosoma zelandicum has pale brown back and darker brown sides (Figure 1.6). Its 
belly is grey, straw coloured or suffused with red or orange and sometimes spotted (Gill 
and Whitaker 2001). It has a distinctive line down the foreleg (Hitchmough pers.comm, 
2002), which distinguishes it from O. nigriplantare polychroma. It reaches a maximum 
SVL of 73mm (Gill and Whitaker 2001).  
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Figure 1.6. Oligosoma zelandicum. Pictures from Gill and Whitaker (2001). 
 
In the North Island O. zelandicum is found west of the ranges from Taranaki to 
Wellington (Gill, 1976). In the South Island, it is found in the Marlborough Sounds, 
Nelson and north Westland. Its habitat is normally forest, shady and moist situations in 
farmland or gardens (Gill and Whitaker 2001). It is thought to be crepuscular (Rufaut and 
Clearwater 1998) or diurnal (Towns and Elliot 1996). 
 
1.4 Structure of thesis  
There are six chapters in this thesis. Chapter two focuses on capture rates and density 
estimates of skinks in the different habitat types and the effect of revegetation. Chapter 
three investigates the size, body condition and proportion of tail loss of skinks in the 
different habitat types. Both of these chapters are written for publication. The fourth 
chapter investigates the factors that may influence the distribution of skinks, including 
weather, predation and food abundances. Chapter five describes wild skink survival and 
is written as a short note for a journal. Following this is a general summary of thesis 
findings. 
 
       11 
 
1.5 Permits 
All work in this thesis was done with the permission of the Department of Conservation 
(permit number LIZ2030) and the approval of the Victoria University of Wellington Animal 
Ethics Committee (permit number 2002R8). 
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 Chapter two 
 
Is Restoration Beneficial for the Skinks of Stephens Island / Takapourewa? 
 
Abstract 
This research studies the impact that restoration has had on the distribution and/or 
abundance of skink species (Oligosoma lineoocellatum, O. nigriplantare polychroma, O. 
infrapunctatum and O. zelandicum) on Stephens Island.  Oligosoma lineoocellatum 
dominated the capture rate (74% of all individuals caught) in most habitats (replanted, 
tussock and pasture) except the forest. Results indicate that all species are abundant in 
the long grass and young trees of the replanted or tussock habitat. Forest areas are 
depauperate of skinks. Areas replanted 13 years ago from pasture, and are now scrub, 
support a greater diversity and higher abundance of skinks. This suggests that, for now, 
revegetation increases both the abundance and diversity of skinks.  However, should 
revegetation create more forest habitat through plantations or plant growth, it is likely that 
the numbers of all four species of skink will decline.  
 
2.1 Introduction 
Approximately 37% of New Zealand reptile species survive only on offshore islands 
(Daugherty et al. 1994). Many mainland populations are becoming increasingly rare or 
endangered due to habitat destruction and predation by introduced mammals (Towns et 
al. 1990). Thus the protection and management of islands hosting indigenous species 
are a conservation priority (Daugherty et al. 1990). Management often involves 
ecological restoration of degraded or modified islands in order to restore indigenous 
biotic communities (Craig 1990). 
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Restoration of a natural habitat is generally considered beneficial to native communities 
(Hobbs and Norton 1996). However, research predicts that the revegetation of Stephens 
Island could be detrimental to three of the four skink species, due to the selective loss of 
suitable open habitat (East et al. 1995). If correct, this prediction could have important 
implications for the future management of the island. This project aims to investigate the 
effect of 13 years of vegetative restoration on the abundance and distribution of skinks 
on Stephens Island, in light of this prediction. 
 
Stephens Island is a Wildlife Sanctuary situated in the north-western Marlborough 
Sounds, administered by the New Zealand Department of Conservation and Ngati Koata 
(Figure 1.1). The island is known for its diverse and abundant reptile community (East et 
al. 1995), including the tuatara, Sphenodon punctatus, three species of gecko and the 
focus of this study, four skink species: Oligosoma infrapunctatum, O. lineoocellatum, O. 
nigriplantare polychroma, and O. zelandicum (East et al. 1995). 
 
Prior to the mid 19th century Stephens Island was covered in a podocarp/broadleaf forest 
(Walls 1988). Following the establishment of a lighthouse and farm on the island in 1894, 
approximately 80% of the original forest was converted into pasture (Brown 2000). In 
1989, the control of Stephens Island was transferred from the Ministry of Transport to the 
Department of Conservation, and reforestation became a key conservation goal. 
Frequent high winds make natural restoration slow. Thus the planting of about 10,000 
seedlings per year has assisted revegetation. By 1992, the island was a mixture of low 
forest, vineland, scrub, tall and short grass fields (East et al. 1995). Change in vegetation 
may, however, endanger the existing fauna (Simberloff 1990b). 
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Lizards select microhabitats where they can optimise their thermoregulatory, anti-
predator and foraging requirements (Schlaepfer and Gavin 2001, Martin and Lopez 
2002). Thus, each skink species may react differently to revegetation, due to differences 
in these requirements. The current distribution of vegetation on Stephens Island is patchy 
(Figure 1.2), and similar vegetation types are fragmented. Habitat fragmentation has 
been shown to negatively affect reptiles. Resulting impacts include decreased 
abundance and species richness (Sumner et al. 1999, Sarre 1998), genetic alterations 
(Stows et al. 2001, Cummingham and Moritz, 1998), fluctuating asymmetry (Sarre 1996), 
community compositional changes (Mac Nally and Brown 2001) and behavioural 
changes (Sarre 1998).  
 
East et al. (1995) studied the relative distribution and abundance of the eight species of 
reptiles on Stephens Island in different successional stages of habitat. They predicted 
how revegetation would affect the four skink species based on these habitat preferences. 
This project will test the following predictions of East et al. (1995): 
• The forest skink O. infrapunctatum will increase in numbers as forest area increases; 
• The grassland species, O. lineoocellatum and O. nigriplantare polychroma will 
decline in numbers as the grasslands are revegetated; 
• Abundance of O. zelandicum, found only in low numbers in the East et al. (1995) 
survey, will reduce in numbers if vineland converts to forest. 
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2.2 Methods 
Mark-recapture methods were used to estimate the distribution and abundance of the 
four species of skink over two data collections periods: 21st November - 10th December 
2002 and 7th-16th March 2003. Trapping was done for a minimum of seven days as 
recommended by Moseby and Read (2001). 
 
Pitfall traps were placed in eight grids. The grids were selected to include two of each 
habitat type; forest (grids A and B), tussock and vineland (grids D and E), pasture (grids 
F and H) and replanted sites (grids C and G) (Figure 2.1).  
 
 
 
Figure 2.1: Location of grids in Stephens Island (Markwell 1997). 
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Throughout the grids, similar aspect, bird activity and sheep disturbance were sought. 
Actual grid location was determined by a stratified design. Within strata each grid was 
selected randomly subject to a variety of influencing factors: 
• Grids A (Figure 2.2), C (Figure 2.6), D (Figure 2.9), and E (Figure 2.10) were 
selected as they were the sites of the East et al. (1995) survey. Grid C has been 
planted three times, the first major plantation was in 1991, follow up plantings 
were done in 1998 and 2000. 
• Grid B (Figure 2.3) was limited to Keepers Bush because of permit restrictions.  
• Grids D and E (Figure 2.8) were situated closer to one another, as no other 
tussock sites were available. There was about 20m between the two grids.  
• Grid G (Figure 2.7) was selected because the plants were of similar size to those 
in grid C, affecting the level of sunlight and insect activity. Grid G was planted in 
1997 (Knight pers.comm 2002). 
• Grids F (Figure 2.4) and H (Figure 2.5) were located in pasture with similar 
aspect, and were fenced off from sheep. 
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2.2 Forest Grid A
2.3 Forest Grid B
2.4 Pasture Grid F 2.5 Pasture Grid H
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2.6 Replanted Grid C
2.7 Replanted Grid G
2.8. Over looking tussock
grids D and E
2.9 Tussock grid D
2.10 Tussock Grid E
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2.11 Pitfall trap
2.12. A  marked skink O. infapunctatum
       20 
Each grid consisted of 16 pitfalls in a four by four design, five metres apart (a total of 128 
traps). Pitfalls were four litre plastic paint buckets, with four drainage holes approximately 6mm 
in diameter, set flush to the ground surface similar to Phillpot (2000), Markwell and Daugherty 
(2002). The traps contained damp sponges (about 60 x 40mm) that were watered daily, and a 
layer of dirt, grass or leaf litter about 3cm high to prevent captured skinks from dehydrating and 
to provide cover from predators (Enge 2001) (Figure 2.11). On hot, dry days traps were 
watered again at midday. Traps did not have a shade cover as covers can reduce capture 
rates (Hobbs and James 1999). Each trap was baited with a 1cm3 piece of tinned pear 
(Whitaker 1967). The traps were open from 0630 to 1400hrs. Skinks were cleared from traps in 
a Latin square design, to balance the time difference between the closing of the first trap and 
last trap. For example, on day one, clearing started on grid A, following a circuit through to H. 
On day two, clearing started at B, and continued round the circuit to H with A cleared last and 
so on. 
 
On first capture, each skink was given an individual number, written on its ventral surface 
using a silver metallic marker (ArtlineR 990XF) (Figure 2.12). These marks stay on skinks 
for up to three weeks (Stephens unpubl. data). Snout-vent length (SVL), vent–tail length 
(to an accuracy of 1mm) and weight (with a 30g Pesola balance accurate to 0.5g) were 
recorded before skinks were released outside the trap. Recaptured skinks were 
recorded. 
 
The vegetation species composition, height and cover in the 0.89m2 area around each 
pitfall trap were recorded. The number of bird burrows, slope and the aspect of each grid 
were also recorded. Weather details were recorded at the Stephens Island weather 
station and a data logger positioned outside House #2 (Figure 2.1), as weather and 
temperature are known to influence the capture rate of skinks (Read and Moseby 2001). 
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2.2.1 Capture – recapture analysis 
Closed population models in MARK v2.1 (White 2001) were used to determine the 
population size of O. lineoocellatum. The capture rate of the other three species was too 
low for calculation. These models allow for different probabilities of capture with respect 
to location, time and behaviour (different heterogeneity and response to capture). The 
parameters used were capture probability (p), recapture probability (c) and population 
estimate (N). The MARK package provides a population estimate with standard errors 
and 95% confidence intervals.  
 
The validity of all models relies on the following set of assumptions (White et al. 1982): 
1. The population is closed. As the data collection was done over a relatively short 
period of time, it limited any potential gains or losses to an insignificant amount. 
2. No identifying marks are lost.  
3. Marking does not change the catchability of the animal.  
4. Marks are not misread on subsequent captures. 
5. For any given location and trapping occasion, each individual has an equal probability 
of first capture (p) or recapture (c).  
 
The starting model allows four types of variation:  
1. Time (MT). This model allows for changes in capture rates over time, such as those 
due to changes in weather conditions. 
2. Behaviour (MB). This model accounts for the animals’ response to capture, for 
example, if an animal was trap happy or shy, the capture rate would alter through the 
duration of the experiment. 
3. Location (MG or MHab). This model allowed for variation in capture probability due to 
grid location or habitat type. 
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4. Number (MN). Number (or population) is used as a surrogate of density and can be 
used to determine where the capture probability is influenced by habitat type. 
 
The most appropriate model for the data was selected using Akaike Information Criteria 
(AIC) (Burnham and Anderson 1998, Burnham et al. 1995). AIC selects the most 
parsimonious model (fewest parameters) by determining those parameters that have the 
largest impact on the data. It examines the variation explained by each model compared 
with the variation in the data set trading off bias and precision (Burnham and Anderson 
1998). Relative AIC values are used to rank models, and the model with the lowest AIC 
is used to provide population estimates for each grid or habitat type.  
 
AIC is defined as 
 AIC = residual deviance (RD) + 2 x number of parameters. 
 
Density estimates for O. lineoocellatum were determined using population estimates from 
the MARK analyses. The area of the grids was calculated by adding to the outside of the 
grid a boundary strip equal to half the average distance that skinks moved within the 
grids. Perimeter traps were assumed to be the centre of the skinks’ home range; 
therefore half the average distance was added as the boundary strip on all four sides of 
the grid (Phillpot 2000).  
 
2.2.2 Reanalyses of East et al. (1995) data  
The grids where O. lineoocellatum were captured in the East et al. (1995) study were 
reanalysed using the Jolly Seber open population model. The skinks in this study were 
permanently marked. This has the same assumptions as closed capture models but also 
incorporates birth, death and migration of skinks. This model assumes that animals have 
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identical survival rates. Chi squared tests and AIC statistics were used to select the 
model used for analysis. 
 
2.2.3 Trap occupancy analysis 
For trap occupancy analysis, captures of all species were pooled per trap. The 
programme R (R Development Core Team 2003) was used to determine if the number of 
captures per trap per day differed significantly in each habitat type for each skink 
species.  Generalized linear models with Poisson distribution were used to determine the 
influences on the capture rate, such as species of skink, habitat or grid, weather, day or 
trap. Where multiple testing was done, a Bonferroni adjustment was made. This adjusts 
the individual false positive error rate to allow for a fixed experiment-wise error rate 
(probability of at least one individual error). For an overall 0.05 significance level, the p 
value for an individual test must be less than 0.05/k, where k equals the number of tests. 
This analysis assumes equal capture probability among species, an assumption that may 
be incorrect.  
Weather was divided into three arbitrary types: 
1. Days when it was fine, with little wind or cloud cover. 
2. Days when there was a strong or constant south-easterly wind blowing.  
3. Days when it was wet, due to constant rain throughout the day or fog. 
 
 
2.3 Results 
2.3.1 Grid characteristics 
Forest grid A is dominated by mahoe (Melicytus ramiflorus), taupata (Coprosma repens), 
ngaio (Myoporum laetum) and kawakawa (Macropiper excelum). Forest grid B is 
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dominated by mahoe. Silver tussock (Poa cita) is the dominant plant in both tussock 
grids D and E, Muehlenbeckia australis borders the two grids and there are areas of 
grass inside the grids. Fairy prions (Pachyptila turtur) burrow these grids. There are two 
grass species in the paddocks. The dominant grass is Festuca arundinacea (70% in grid 
F and 65% in grid H). The other grass is Loilum perenne, a perennial ryegrass. Long 
grass and the major replanted species of taupata, tauhinau (Cassinia leptophylla) and 
ngaio dominate grid C and G (Appendix A). 
 
2.3.2 Skink capture summary 
In December, over the ten days sampled, 651 individual skinks were captured (1248 total 
including recaptures). During March, over the seven-day period sampled, 715 individual 
skinks were captured, (1472 total captures) (Table 2.1).  
 
Table 2.1: Total number of skink individuals caught (percentage of total) 
Trip O. lineoocellatum O. infrapunctatum O. nigriplantare 
polychroma 
O. zelandicum Total 
      
December 501 (77%) 40 (6%) 96 (15%) 14 (2%) 651 
March 499 (70%) 33 (5%) 164 (23%) 18 (2%) 714 
Totals 1000 73 260 32 1365 
 
Oligosoma lineoocellatum was caught approximately three times more often than the 
other species combined, at a rate of almost one skink per trap each day (Table 2.2). 
Oligosoma nigriplantare polychroma had the second highest capture rate, followed by O. 
infrapunctatum. Capture rate of O. zelandicum was lowest of the four species, with only 
two skinks caught per day over the 128 traps (Table 2.2). More skinks were caught in 
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March, with an average of 0.407 animals per trap per day (s.e. 1.049), than in December, 
with an average of 0.244 (s.e. 1.029).   
Table 2.2 Number of skinks caught per trap/day for the four species over the two trapping 
periods. 
Skink species Average per trap/day Standard error (s.e.) 
O. lineoocellatum 0.95 1.13 
O. nigriplantare polychroma 0.22 1.14 
O. infrapunctatum 0.06 1.09 
O. zelandicum 0.02 1.24 
 
 
2.3.3 Habitat selection 
Trap occupancy 
AIC modelling indicated that species, trap and day were the most influential factors on 
the numbers in each trap. The individual trap influenced the occupancy rate more than 
the grids or habitat type. Trip (December or March), weather and habitat had a minor 
effect on trap occupancy (Table 2.3). Comparisons of skink capture rate among 
individual traps could not be calculated, due to the large number of parameters. 
 
Fine days had the highest mean trap occupancy rate with 0.379 skinks per trap (s.e. 
1.02), followed by windy days with 0.167 (s.e. 1.087). Wet days had the lowest numbers 
of animal captures with an average of 0.005 (s.e. 1.52). 
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Table 2.3 Trap occupancy AIC values determining which factors influence the numbers 
of skinks per trap (models in bold are those used in analyses). 
Model AIC value Relative AIC Parameters 
Null Model 14352.0 7135.4 0 
Trip 14177.6 6961.0 2 
Day 13457.0 6240.4 17 
Weather 13600.0 6383.4 3 
Habitat 11992.0 4775.4 4 
Grid 11882.1 4665.5 8 
Trap  11675.7 4459.1 128 
Species 10698.0 3481.4 4 
Species + habitat 8338.2 1121.7 8 
Species + grid 8228.3 1011.7 12 
Species + trap 8021.6 985.0 136 
Species + trap +day 7216.6 0 153 
 
Significantly more O. infrapunctatum were caught in the replanted grids than in the 
tussock and they were the only skinks caught in the forest. Trap occupancy of O. 
lineoocellatum was also significantly higher in the replanted habitat than the tussock and 
pasture habitats. Moreover its capture rate was higher than the other skinks in all habitat 
types except forest. Oligosoma nigriplantare polychroma, although significantly more 
prevalent in the tussock grids, was also found in the replanted grids and to a lesser 
extent, the pasture grids (with fewer individuals in pasture grid F during March). 
Oligosoma zelandicum was almost solely found in the tussock grids, in very low 
numbers. However, the capture rate was significantly higher in the tussock than the 
replanted habitat where only three individuals were caught (Figure 2.13 and Table 2.4). 
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Figure 2.13 Trap occupancy rates of the four skink species in different habitats 
 
 
Table 2.4 Comparison of capture rates of skinks in different habitats 
Bon is the Bonferroni adjustment (the p value has to be under this value to be significant), R 
represents replanted, P=pasture, T=tussock and F=forest habitat, *significance difference in 
capture rates. 
Species F-P F-R F-T P-R P-T R-T Bon 
O. infrapunctatum 0.491 0* 0.017 0.194 0.448 0* 0.008 
O. lineoocellatum 0.159 0.015 0.017 0* 0* 0* 0.008 
O.n. polychroma 0.508 0.196 0.027 0* 0* 0* 0.01 
O. zelandicum NA 0.561 0.443 0.561 0.443 0* 0.017 
 
 
Population and density estimates for O. lineoocellatum from MARK. 
Capture and recapture numbers were too low to estimate the density of O. 
infrapunctatum, O. nigriplantare polychroma and O. zelandicum. Forest grids A and B 
have not been included in the population estimates as no O. lineoocellatum were caught 
in these grids. Two models best represent the data. In March the best model {p(t x hab), 
N(g)} includes time and habitat as factors influencing the probability of capture and 
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abundance by grid. For the December collection period, a second model {p(t x hab), 
N(hab)} allows for abundance to vary by habitat type. In December, AIC results indicate 
that habitat type and time are much stronger influences on the probability of capture than 
the behaviour of skinks. Behaviour is not identified as a significant factor describing the 
data in December. In March, behaviour influenced the capture probability, but MARK was 
unable to fit the model (Table 2.5).  
 
Table 2.5 AIC values for models to estimate O. lineoocellatum population 
The model may include, t=time, g= the six grids, hab = three habitat types, b=behaviour of the 
skinks, and N=the number in the grid, x = interaction between factors. N(1) indicates a constant 
abundance over all six grids. For example {p(t x hab), N(hab)} indicates the probability of capture 
is influenced by time and habitat, and the number is influenced by habitat. Models in bold indicate 
those used in analyses. 
 December  March  
Model Relative AIC Parameters Relative AIC Parameters 
{p(t x hab), N(hab)} 0 27 3.04 24 
{p(t x hab), N(g)} 1 30 0 27 
{p(t x g), N(g)} 12.57 54 2.09 48 
{p (t + b) x g), N(g)} 15.79 90            NA     NA 
{p(t x hab), N(1)} 16.03 25 18.20 22 
{p(t), N(g)} 75.41 14          101.07     12 
{p(hab), N(g)} 145.79  9 60.67 9 
{p(g), N(g)} 46.7 15 60.60 12 
 
The population of O. lineoocellatum in both December and March was highest in the 
replanted habitat, followed by the tussock and lowest in the pasture grids. The low 
capture and recapture rates in the pasture grid result in large standard errors. In March, 
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only two skinks were recaptured in the pasture, and approximately ten recaptures are 
needed to make an accurate population estimate (Table 2.6). The population of O. 
lineoocellatum in both the December and March trips {p(t x hab), N(g)} was highest in 
the pasture grid H and lowest in pasture grid F, although this difference was not 
significant (Table 2.7).  
 
In both December and March, the majority of recaptured animals (~70%) were recaught in 
the same trap they were originally caught in. Some made it to a neighbouring trap. Very 
few skinks found traps 10 to 14m away (Table 2.8). More animals were caught in traps 
other than the ones in which they were originally caught in March than in December. 
 
Table 2.6 MARK population estimates of O. lineoocellatum by habitat type from model {p(t x 
hab), N(hab)},  habitat type (grids) 
 December  March  
 Estimate Std error Estimate Std error 
Replanted (CG) 127 2.35 169 2.50 
Tussock (DE) 115 3.54 113 2.72 
Pasture (FH) 83 11.12 95 34.59 
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Table 2.7 MARK population estimates of O. lineoocellatum by grid using model {p(t x 
hab), N(g)}. 
 December  March  
 Estimate Std error Estimate Std error 
Replanted C 128 3.50 172 3.94 
Replanted G 85 2.78 97 2.85 
Tussock D 115 4.73 114 3.83 
Tussock E 101 4.35 89 3.31 
Pasture F 72 10.48 74 28.17 
Pasture H 132 16.57 173 59.79 
 
Table 2.8 Location of O. lineoocellatum recaptures with respect to the original trap 
caught, percentage of total (number) 
 Original trap 5-7m 10-14m 15-20m 
December 73.9% (181) 21.2% (52) 4.1% (10) 0.8% (2) 
March 66.4% (160) 30.7% (74) 2.1% (5) 0.8% (2) 
 
In December, movement between traps in the pasture was on average 6.7m (grid F 8.5m 
and H 6.2m) which was significantly higher than the 5.5m in the tussock grids (T test, p = 
0.05) (grid D 5.3m and E 5.9m) and the 5.5m in the replanted grids (grid C 5.2m and grid 
G 5.9m) (T test p = 0.03). There was no significant difference between the replanted and 
the tussock girds (T test p = 0.7). In March there was an average movement of 6m in the 
tussock grids (5.9m in grid D and 6m in grid E), 6.2m in the replanted areas (6.1m in grid 
C and 6.3m in grid G) and 7m in the pasture (5.8m in grid F and 8.2m in grid H). 
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The adjusted grid area includes animals moving into the grid from outside the grid 
perimeter. It was greater in March than December (Table 2.9 and 2.10). The replanted 
grids had the lowest adjusted area, followed by the tussock and the pasture grids (Table 
2.9).  
 
Table 2.9 Adjusted habitat area in m2  
 Replanted Tussock Pasture 
December 420 424 471 
March 449 441 484 
 
 
Table 2.10 Adjusted grid area in m2  
 Replant C Replant G Tussock D Tussock E Pasture F Pasture H 
December 408 437 412 437 552 449 
March 445 454 437 441 433 538 
 
The densities (numbers per hectare) of O. lineoocellatum were different in similar habitat 
types (with the exception of the tussock grids). The densities were higher in replanted grid 
C than G and pasture grid H compared to F (Table 2.11). By habitat, the density of O. 
lineoocellatum was higher in the replanted (density of 3020/ha in December and 3769/ha 
in March) areas when compare to the tussock (2690/ha and 2560/ha) or pasture (1740/ha 
and 1963/ha) habitats (Figure 2.14 and 2.15). Densities in the pasture habitat had very 
wide confidence intervals (particularly in March), due to low numbers of captures and 
recaptures (Figures 2.14 and 2.15).  
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Table 2.11 MARK estimates of the density of O. lineoocellatum per hectare in December 
and March from model {p(t x hab), N(g)} (probability of capture influenced by time and 
habitat, density by grid). 
 December  March  
 Density  
(#/hectare) 
95% CI Density 
(#/hectare) 
95% CI 
Replanted C 3160 3046-3401 3865 3752-4112 
Replanted G 1964 1885-2155 2240 2170-2425 
Tussock D 2804 2640-3108 2511 2401-2731 
Tussock E 2303 2164-2571 2036 1945-2243 
Pasture F 1314 1043-1815 1678 907-3628 
Pasture H 2956 2406-3893 3125 1840-6500 
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Figure 2.14 Density of O. lineoocellatum from model {p(t x hab), N(hab)} (probability of 
capture influenced by time and habitat, density by habitat) in December. 
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Figure 2.15 Density of O. lineoocellatum from model {p(t x hab), N(hab)}  (probability of 
capture influenced by time and habitat, density habitat) in March. 
 
2.3.4 Density of O. lineoocellatum from the East et al. (1995) survey 
In the pasture grid (now replanted grid C), the East et al. (1995) survey caught 76 
different skinks (103 total captures) while in the tussock grid (now grids D and E) they 
caught 284 individual skinks with 654 captures. The reanalysis of their data found that 
the two main parameters were survivorship and probability of capture influenced by time 
and grid. AIC statistics indicate capture rates varied both through time and between the 
two habitats (Table 2.12).   
 
Chi square test comparing models {phi(hab), p(t x hab)} (survivorship by habitat and 
probability of capture by time and habitat) and {phi(.) p(t x hab)} (survivorship constant 
and probability of capture by time and habitat), indicated that there was a significant 
difference between the models (Chi sq = 3.89, df = 1, p = 0.0486). Burnham and 
Anderson (1998) state that if the AIC difference is less than 2 (as it is in this case) the 
difference is insignificant. Therefore habitat had little influence on survivorship. 
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Table 2.12.  Relative AIC values for O. lineoocellatum to determine influences on the 
survival rate and the probability of capture. Model in bold used for analysis. 
Survival (phi) Probability of Capture (p) 
 Constant (.) Habitat (hab) Time (t) Time and habitat 
(thab) 
Constant (.) 104.9 76.8 19.0 1.8 
Habitat (g) 93.0 77.3 11.9 0 
Time (t) 50.9 32.1 22.2 5.6 
Time and Habitat 
(thab) 
49.2 38.0 20.0 10.3 
 
 
East et al. (1995) surveyed in a 24 x 24m grid (576m2). They found that their skinks 
moved an average of 7.9m. This gives a boundary strip of 3.95m around the grid and an 
area of 781.2m2. 
 
From the East et al. (1995) survey, the density of O. lineoocellatum in the pasture had 
large confidence intervals, a result of the lower number of captures and recaptures. The 
density of O. lineoocellatum in the pasture was always substantially lower (varying 
between 124 -1591 fewer animals per hectare) than that of the tussock. The difference 
between the habitats was not significant due to the wide confidence intervals in the 
pasture.  Tussock density estimates for November, January and February was constant 
at ~2500/ha. The density decreased for the last session (March). This decrease is a fairly 
common problem with Jolly Seber models at the end of surveys, resulting from lower 
probability of recapture due to fewer (or no) follow up trips (Table 2.13).  
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Table 2.13. Densities of O. lineoocellatum per hectare reanalysed from the East et al. 
(1995) for the pasture and the tussock. CI = 95% confidence interval.  
 Pasture  Tussock  
Month Density CI Density CI 
November 953 485 – 3580 2544 2259 – 3580 
January 2494 958 – 12826 2618 2290 – 3322 
February 1190 224 – 17363 2021 1448 – 3426 
March 736 176 - 10236 1456 1077 - 2447 
 
 
2.3.5 Comparison with the East et al. (1995) survey 
The pasture grid has been replanted (grid C) and density estimates of O. lineoocellatum 
now range between 3046 – 4112 animals per hectare (Figures 2.14 and 2.15). Due to the 
wide confidence intervals from the East et al. (1995) survey, the pasture density 
estimates ranged from 176-17363/ha (Table 2.13), there was no statistical difference 
between the surveys. The East et al. (1995) tussock habitat (grids D and E) was still 
tussock and this survey found density estimates to vary from 1945 – 3108/ha (Figures 
2.14 and 2.15) at the 95% confidence level. This estimate was similar to the East et al. 
(1995) survey estimate of between 1077-3580/ha (Table 2.13).  
 
The capture rates of this survey (Table 2.14), cannot be directly compared to those 
findings of the East et al. (1995) survey in 1992 (Table 2.15), due to the large number of 
variables that differed between the sampling sessions, for example, weather. East et al. 
(1995) pasture grid and replanted grid C, tussock grid and tussock grids D and E, and 
their forest grid and forest grid A are all at the same locations. In both surveys, the 
capture rate of O. lineoocellatum was higher than for the other skink species in all grids. 
Capture rates between surveys show similar numbers of animals caught in the same 
habitat type (Tables 2.14 and 2.15). 
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Table 2.14.  Trap occupancy rates of skinks in different grids (s.e. = standard error) 
 
O. infrapunctatum   O. n. polychroma   O. zelandicum   O. lineoocellatum 
 
         
 
Mean s.e. Mean s.e. Mean s.e. Mean s.e 
Forest A 0.03 0.01 NA NA NA NA NA NA 
Forest B 0.02 0.01 NA NA NA NA NA NA 
Replanted C 0.22 0.03 0.11 0.02 0.01 0.01 2.46 0.13 
Replanted G 0.14 0.03 0.24 0.03 NA NA 1.42 0.09 
Tussock D 0.05 0.01 0.82 0.07 0.04 0.02 1.65 0.09 
Tussock E 0.04 0.01 0.51 0.05 0.06 0.02 1.26 0.07 
Pasture F NA NA 0.03 0.01 NA NA 0.24 0.04 
Pasture H NA NA NA NA NA NA 0.58 0.05 
 
 
Table 2.15. Table of East et al. (1995) capture estimates (s.d. = standard deviation). 
 
O. infrapunctatum   O. n. polychroma   O. zelandicum   O. lineoocellatum 
 
 Average s.d. Average s.d. Average s.d Average s.d. 
Pasture 0.01 0.01 0.03 0.02 NA NA 0.33 0.39 
Tussock 0.07 0.07 0.09 0.06 0.2 0.21 0.71 0.49 
 Bush 0.09 0.16 0 0.11 NA NA NA NA 
 
 
 
2.4 Discussion 
Oligosoma infrapunctatum appears to benefit from the revegetation of Stephens Island 
as predicted by the East et al. (1995) survey analyses. The prediction that the other three 
species will decline as a result of the revegetation is currently not supported by this 
study.  
 
2.4.1 Habitat relationships and selection 
All skink species on Stephens Island are more common in the long grass and young 
trees of the replanted or tussock habitats. Habitat type determines species composition 
and order of abundance. Oligosoma lineoocellatum was the dominant species in the 
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replanted area, and accounted for about two thirds of the captures in the tussock. 
Oligosoma nigriplantare polychroma had the second highest capture rate in the tussock 
areas. Oligosoma infrapunctatum had a higher capture rate in the replanted areas than in 
the other habitat areas. Oligosoma zelandicum (with the exception of three individuals) 
was only found in the tussock habitat in small numbers. When it was caught, it was 
usually in one of a few traps surrounded by Muehlenbeckia vines.  The forest areas are 
depauperate of skinks; only low numbers of O. infrapunctatum were caught in this habitat 
type. 
 
Capture rates were influenced by individual traps more than by either habitat type or grid. 
This may reflect the numerous microhabitat types found within each grid. For example, in 
the replanted habitats, there were traps covered with bush (normally taupata), or 
surrounded by tall grass, flax or a mixture of plant species. Some traps in the tussock 
grids were surrounded by grass, others by dirt or Muehlenbeckia vines. 
 
All skink species are predominantly found in one habitat, for example, O. nigriplantare 
polychroma in the tussock, O. zelandicum in the vineland and O. infrapunctatum in the 
replanted areas. This may indicate microhabitat specialisation, caused either by 
competition or local adaptation to a particular niche. This has been recorded elsewhere 
(e.g. Carrascal et al. 1989, Patterson 1992, Towns and Elliott 1996, Singh et al. 2002).  
Oligosoma lineoocellatum dominates all habitats except the forest, indicating that this 
species may be a generalist and a good patch or ecotone invader (Towns pers.comm).  
Generalist species are known to benefit in areas of disturbance or edge habitats (Sarre 
1996, Sarre 1998, Mac Nally and Brown 2001). The vegetation distribution on Stephens 
Island is patchy and this situation may benefit O. lineoocellatum. 
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Oligosoma lineoocellatum account for 74% of all individuals caught. It is the most 
aggressive of all the species (East et al. 1995). It is possible that it out-competes the 
other species. Fresh tail loss was noted on five O. infrapunctatum when caught in traps 
with a large number of O. lineoocellatum.  
 
The numbers of O. nigriplantare polychroma were higher in March than December and 
its range expanded into the pasture areas. This increase in numbers caught may have 
been due to the hot dry summer. Oligosoma nigriplantare polychroma was found 
primarily in the tussock, possibly due to its yellow and striped appearance providing the 
best camouflage in this habitat. Colour patterns of the common skink in Central Otago 
often reflect their preferred microclimate, for example striped animals in the grass and 
speckled animals in rock habitats (Patterson 1985, Freeman 1997). This may also be the 
case on Stephens Island. 
 
Oligosoma infrapunctatum was more common in shaded areas where it can burrow into 
dead leaves and is well camouflaged.  It is the only skink species caught in the forest, but 
even there it was caught in low numbers. It was more abundant in the replanted areas. 
The forest has higher density of tuatara (potential skink predator), relative to the pasture 
(Carmichael et al. 1989).  
 
Oligosoma zelandicum was found only in low numbers. A few individuals were found in 
replanted grid C during the survey, and in replanted grid G during the pilot study 
(Stephens unpubl. data), indicating it inhabits these areas but either in low numbers or 
was hard to catch. Rufaut and Clearwater (1998) indicated that O. zelandicum is 
crepuscular. If this is the case, there is a chance that sampling from 6.30am to between 
2-6pm, may miss O. zelandicum. Oligosoma zelandicum is normally found in the forest, 
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or in shady and moist situations in farmland or gardens (Gill and Whitaker 2001). 
However, for O. zelandicum forest habitat may not be suitable on Stephens Island due to 
the large number of predatory tuatara.  
  
2.4.2 Comparison with the East et al. (1995) survey 
There has been little change in terms of abundance and diversity, between the East et al. 
(1995) survey and the current survey in areas where the vegetation has remained similar 
over time. There are still only O. lineoocellatum in the pasture (with the exception of a 
few O. nigriplantare polychroma found during March) and only O. infrapunctatum in the 
forest. Oligosoma zelandicum is still found in very low numbers in the vineland, and O. 
nigriplantare polychroma still has the highest density in the tussock habitat. Although the 
capture rates between the East et al. (1995) survey and these results cannot be 
statistically compared, they show similar numbers of animals caught in the same habitat.  
 
In the replanted habitat the diversity and abundance of skinks have dramatically 
increased from the 1992 survey (East et al. 1995). Previously when this grid was pasture, 
only O. lineoocellatum was found. Now after 13 years of restoration, all four skink 
species can be captured in the more diverse habitat. Trap occupancy rates have 
increased for O. lineoocellatum from 0.33 (per trap, per day) to 2.46, for O. nigriplantare 
polychroma from 0.03 to 0.11 and for O. infrapunctatum from 0.01 to 0.22. Oligosoma 
zelandicum, which had trap occupancy of zero in the pasture of the East et al. (1995) 
survey, increased to a trap occupancy rate of 0.01. 
 
There is no significant difference in the density of O. lineoocellatum in the replanted 
habitat between this survey and the East et al. (1995) survey. The East et al. (1995) 
survey has a wide estimate from 224 –17363 animals per hectare at the 95% confidence 
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level. However, this project gave 95% density estimates ranging from 2930-4111/ha. The 
East et al. (1995) survey found very few skinks, which resulted in wide confidence limits. 
 
 
2.4.3 Predictions and recommendations 
Skink abundance and diversity in replanted areas suggests that the current level of 
revegetation benefits skink populations. Intermediate levels of disturbance such as 
revegetation can maximise biodiversity (Krebs 1994). The mosaic vegetation on 
Stephens Island means that it is probably at the peak of the ‘intermediate disturbance 
curve’. A fully forested island is likely to decrease biodiversity. Should revegetation, 
through plantations or plant growth, create more forest habitat (depauperate of skinks) as 
is planned, it is likely that the population of all four species will decline. It can be argued 
that skink populations may currently be higher than they were in pre-European times, 
due to an increase of the proportion of suitable habitats on the island, and that Stephens 
Island should be returned to its natural balance. The population of each skink species 
could potentially be managed by adjusting the proportion of habitat types, such as 
increasing vineland for O. zelandicum. A mosaic of vegetation types is recommended, 
where some areas are replanted and others such as the tussock are left as they are. 
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Chapter 3 
 
Habitat differences on Stephens Island/ Takapourewa do not influence skink body 
condition index or tail loss  
 
Abstract 
The body condition (log weight / log snout-vent length) and tail loss of four skink species 
(Oligosoma lineoocellatum, O. infrapunctatum, O. nigriplantare polychroma and O. 
zelandicum) were compared in different habitats (forest, pasture, replanted and tussock) 
on Stephens Island. Changing vegetation does not seem to negatively affect skink body 
condition. Despite the numerous differences between the habitats, the body condition 
and the proportion of skinks with missing tails were similar among the different habitats. 
This may be attributed to numerous factors such as predation or competition that 
influence body condition or cause tail loss. Juvenile skinks had a significantly lower body 
condition and a lower proportion of tail loss than adult skinks.   
 
3.1 Introduction 
The morphology of an animal is influenced by both environmental and genetic factors 
(Harvey and Pagel 1991). Morphological comparison of two conspecific populations can 
indicate variation in environmental conditions (Sinclair 1998). For example, the body 
condition index of skinks could vary across habitat types due to the differing 
environmental conditions in each habitat.  Stephens Island is currently a mosaic of 
vegetation types, including forest, scrub, tussock, vineland, pasture, and revegetating 
areas. At least one of the four skink species is found in each of these habitats (East et al. 
1995). 
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There are two aims in this project. The first aim is to investigate the effect of different 
vegetation types (pasture, tussock, and forest) on body condition and tail loss for the 
skink species; Oligosoma lineoocellatum, O. infrapunctatum, O. nigriplantare polychroma 
and O. zelandicum on Stephens Island. The second aim is to investigate the effect that 
change in vegetation has had on body condition and tail loss on the four skink species. 
 
Body condition is an indirect measure of an animal’s fitness. The log weight / log SVL 
(snout-vent length) of an animal aims to account for body size and for body weight (the 
heavier the animal for its length, the better the body condition). Body condition can be 
influenced by both biotic and abiotic factors. For example the biomass of arthropods has 
been found to influence the body condition index in the female lizard Tropidurus itambere 
(Van Sluys 1998). 
 
Skinks are assumed to select microhabitats where they can optimise their 
thermoregulatory, antipredator, and foraging requirements (Martin and Lopez 2002). For 
example, microhabitat structure affects the density of five lizard species in the 
Mediterranean dehesa (Martin 2002). Skinks may be forced to live in sub-optimal 
habitats due to factors such as inter or intra specific competition and predation. This may 
lower the body condition of the animal.  Body length and growth rate in the lizard Lacerta 
vivipara have been shown to be negatively influenced by density (Massot et al. 1992). 
 
With a change in vegetation structure, there are also changes in other biotic and abiotic 
variables (Majer 1990). Plant species differ and invertebrate abundance and/or diversity 
may change in response to the plants, leading to higher trophic level changes. Shade 
increases and wind exposure decreases with taller plant structures. When combined, 
these influences may determine whether skinks can survive and reproduce in each 
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habitat. For example, Carrascal et al. (1989) found a significant correlation between the 
presence of two lizard species, Psammodromus hispanicus and P. algirus, and tree 
cover. Environmental variation can induce life history variation, for example, thermal 
regimes have been found to influence food availability, which affects the growth rates of 
Sceloporus merriami (Grant and Dunham 1988). Food availability is known to influence 
individual growth rate, survivorship, reproduction, and therefore the fitness of lizards 
(Andrews 1976, Dunham 1978, Ballinger and Congdon 1980, Parker 1994, Smith and 
Ballinger 1994). 
 
A changing environment has the potential to cause stress on an animal.  Habitat 
fragmentation has been shown to negatively affect reptiles. The resulting impacts include 
decreased abundance and species richness (Sumner et al. 1999, Sarre 1998), genetic 
alterations (Stows et al. 2001), fluctuating asymmetry (Sarre 1996), community 
compositional changes (Mac Nally and Brown 2001) and behavioural changes (Sarre 
1998). The negative impacts from a changing environment may mean that revegetation 
on Stephens Island may not benefit all skink species and this may be reflected in the 
body condition of skinks. 
 
Tail loss is another factor that influences the body condition of reptiles and complicates 
analysis. Tuatara, Sphenodon punctatus, with long tails have significantly higher body 
condition than those with average or short tail lengths (Hoare 2002). Tail loss in reptiles 
is known to lower or reduce growth and survival (Wilson 1992, Althoff and Thompson 
1994, Parker 1994), reproductive output (Martin and Salvador 1993), locomotor abilities 
(Brown et al. 1995) and lipid resources (Vitt et al. 1974). The shedding of tails is believed 
to be a defence tactic (Arnold 1984a). This distracts predators, giving the lizard time to 
escape (Dial and Fitzpatrick 1981, Arnold 1984a). If levels of predation are higher in 
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some habitats than in others, the level of tail loss in these habitats may also be higher. 
Phillpot (2000) suggested that a high frequency of tail loss on both Stephens Island and 
North Brother Island (New Zealand) may be due to competition, so levels of tail loss may 
be higher in habitats with greater skink density. 
 
Stephens Island provides an appropriate location to study the relationship between body 
condition and habitats, as it has a variety of habitat types and four species of skink. 
Revegetated habitat provides an opportunity to determine what effect vegetation change 
may have on skink body condition. Each habitat differs in skink composition, skink 
density (chapter 2), food availability and predation risk (chapter 4). This may alter the 
body condition and the level of tail loss. I hypothesis that the body condition index of 
skinks is higher in optimal habitats.  
 
 
3.2. Methods 
Stephens Island is a Wildlife Sanctuary situated in the northern Marlborough Sounds, 
administered by the Department of Conservation, New Zealand (Figure 1.1). Since the 
1990s vegetative restoration of Stephens Island has aimed to eventually return the island 
to its original forested state (Brown 2000).  
 
Eight grids were selected on Stephens Island, including replicates of four habitat types: 
forest (A and B), tussock/vineland (D and E), pasture (F and H) and replanted (C and G). 
Grid locations were determined by a stratified random design, constrained by other 
variables such as aspect, bird activity, plant size, and sheep disturbance (Figure 2.1). 
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• Grids A (Figure 2.2), C (Figure 2.6), D (Figure 2.9) and E (Figure 2.10) were the 
sites of a previous survey (East et al. 1995). Grid C has been planted three times, 
the first major planting was in 1991, with follow-up plantings in 1998 and 2000. 
• Grid B (Figure 2.3) was located in Keepers Bush.  
• Grid G (Figure 2.7) was planted in 1997 (Knight pers.comm 2002).  
• Grid F (Figure 2.4) and H (Figure 2.5) both had sheep excluded, but were still 
pasture grass. 
 
Within each grid 16 pitfall traps were set out in a four by four design (five metres apart). 
In total, 128 pitfall traps were operated during two surveys in December 2002 and March 
2003. The plant species present, vegetation height, and vegetation cover were recorded 
in the 0.89m2 square area around each pitfall trap. The number of bird burrows, slope 
terrain (four vertical and four horizontal measurements) and aspect were also recorded.  
 
Each trap was a four litre white plastic paint bucket, with four drainage holes (6mm in 
diameter), set flush to the ground surface. A damp sponge and a layer of soil or leaf litter 
were laid in each trap to prevent dehydration and provide cover for skinks. Traps were 
baited with 1cm3 piece of WattiesTM tinned pears and open from 0630 to 1400 daily. The 
traps were cleared in a Latin square design, to account for the time difference between 
the closing of the first trap and the last trap. For example, day 1 clearing started on grid 
A, following a circuit through to H. On day 2 clearing started on B, onwards on the circuit 
to H with A last and so on. 
 
Captured skinks were weighed using a PesolaTM spring balance (30 g or 50 g, accurate 
to 0.5 g). Snout to vent length (SVL), length of tail from the vent (VT) and tail 
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regeneration were all measured using a 150 mm plastic ruler accurate to 1 mm. Sex was 
determined by applying pressure to either side of the vent area. This action everted two 
hemipenes in males (Arnold 1984b, Harlow 1996). If no hemipenes were found, then to 
ensure accuracy the animal was examined for other signs of femaleness such as a 
rounder tail and the extended abdomen of a gravid female. Species and trap number 
were recorded. Each skink was given a individual number written on the ventral surface 
of the skink using a silver metallic marker – Artline® 990XF, known to stay on skinks for 
up to three weeks (Stephens unpubl.). Recaptured animals were recorded. 
 
It is difficult to determine if a skink is a juvenile / subadult or an adult without dissecting it. 
Following Spencer et al. (1998) individuals with a SVL of less than 40 mm for O. 
nigriplantare polychroma and 60 mm for O. lineoocellatum were assumed to be 
juvenile/sub-adults skinks. Oligosoma zelandicum are a similar size to O. nigriplantare 
polychroma, so juveniles were judged to be individuals less than 40mm. Juvenile O. 
infrapunctatum were estimated on size, as there is no literature base to determine size of 
maturity. 
 
3.2.1 Body condition 
Five body condition measurements were examined. The measurements were: weight 
(wgt) of the animal, SVL (snout-vent length), VT (vent to tail), log (wgt) divided by log 
(SVL) (lgwgtsvl) and weight divided by SVL3. Normal Q-Q plots and Residuals vs. Fitted 
graphs (program R – R Development Core Team 2003) were used to test normality, 
variance and to determine which body condition index was the most suitable to use.  
 
Model selection was based on the Akaike Information Criterion (AIC) value (Burnham 
and Anderson 1998) to determine whether the data were best sorted by habitat or grid. 
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AIC is a form of model comparison, which selects the most parsimonious model by 
determining which parameters have the largest impact on the data. It looks at the 
variation explained by each model compared with the variation in the dataset, trading off 
bias and precision (Burnham and Anderson 1998). The AIC model favours a low residual 
deviation but penalises if there are too many parameters (Pledger pers. comm. 2003). 
The AIC value itself does not matter as it is relative to the AIC values of other models. 
The lower the AIC value compared to that of other models, the better the model is suited 
to the data set and so AIC determines what parameters most influence the data set.  
 
AIC is defined as: 
 AIC = residual deviation (RD) + 2 x number of parameters. 
 
Multivariate analysis of variance was employed (SPSS 11.0), to determine whether skink 
body condition differed among habitats, grids or sex/size class. Hypothesis testing was 
based on the null hypothesis LBM = 0, (no difference in body condition among habitats, 
sex/size or species). A univariate test using F statistics and the Bonferroni-type 
simultaneous confidence intervals based on Student's t distribution was used to contrast 
differences across all dependent variables. A Wilk’s Lamba test was used to indicate if 
there was a significant difference in the data set and Roy’s Largest Root was used to test 
if this variation was the result of one variable. The trips were analyzed separately as the 
skinks were not permanently marked. 
 
Once it was determined that differences existed amongst the means, post hoc range 
tests and pairwise multiple comparisons identified which means differed statistically. The 
Tukey HSD test made pairwise comparisons between groups and set the experiment 
wise error rate to the error rate for the collection of all pairwise comparisons.  
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Graphing was done in Microsoft Excel XP or SPSS version 11.0. All graphs are +/- one 
standard error unless otherwise stated. 
 
3.2.2 Tail loss 
Tail loss is defined as any degree of tail loss, whether total or partial tail loss, recent or 
regenerated. Tail loss frequency was divided into two groups, those with some degree of 
tail loss (1) and those with complete tails (0) (Phillpot 2000). The data were categorised 
by trip (December or March), sex/size (male, female or juvenile), grid and habitat type.  
 
As the data were non-parametric, chi squared tests (X2) were used to investigate whether 
rates of tail loss differed among the species, sex/sizes, habitat types and grids at the 
95% confidence level. If there was a statistical difference then multiple comparison tests 
were used identify to where this difference lay (Zar 1999). 
 
3.3. Results 
 
3.3.1. Vegetation 
Forest grid A is dominated by mahoe (Melicytus ramiflorus), taupata (Coprosma repens), 
ngaio (Myoporum laetum) and kawakawa (Macropiper excelum). Forest grid B is 
dominated by mahoe. Silver tussock (Poa cita) is the dominant plant in both tussock 
grids D and E, Muehlenbeckia australis edges the two grids, and there are areas of grass 
inside the grids. Fairy prions (Pachyptila turtur) heavily burrow these grids. There are two 
grass species in the paddocks. The dominant grass is Festuca arundinacea (70% cover 
in grid F and 65% in grid H), and the other grass was a perennial ryegrass (Loium 
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perenne). Long grass and the major replanted species of taupata, tauhinau (Cassinia 
leptophylla) and ngaio dominate grid C and G (Appendix A). 
 
 
 
3.3.2 Skink morphology 
 
Overall, O. infrapunctatum was the largest skink species (SVL mean = 97 mm), followed 
by O. lineoocellatum (69 mm), O. nigriplantare polychroma (58 mm) and O. zelandicum 
(55 mm) (Figure 3.1 and Table 3.1). Oligosoma infrapunctatum had the largest mass of 
the four species with O. nigriplantare polychroma being the lightest (Table 3.1). 
 
The four species differ significantly in SVL (F = 132.9, p < 0.0005 for December and F = 
220.2, p < 0.0005 for March). There was also a difference among the weights 
(December, F = 114.5, and p<0.0005, March, F = 93.2, p < 0.0005) of the skink species. 
 
There was no statistical difference in SVL between the trips (F = 1.847, p = 0.174)). The 
skinks were significantly heavier in the December trip than in the March trip (F = 11.62, p 
= 0.01).  
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Figure 3.1 SVL range of skinks caught during the December trip (March shows the same 
range). 
 
 
Table 3.1 Size of skink species on Stephens Island in both December and March. 
Numbers in brackets are 1 s.e. SVL = snout vent length, weight is in grams   
 
O. infrapunctatum  O. lineoocellatum  O. n. polychroma 
 O. zelandicum 
 
 Dec March Dec March Dec March Dec March 
         
Mean SVL 
(mm) 
96.7 
(2.0) 
87.4 (1.8) 67.6 
(0.6) 
60.8 (0.9) 57.8 (0.7) 51.3 (2.2) 54.5 
(2.0) 
54.4 
(2.2) 
         
SVL 
Range 
43-133 31-115 22-96 33-101 41-79 34-71 44-68 45-65 
         
Mean 
weight (g) 
21.6 
(1.2) 
16.3 (0.5) 7.3 
(0.4) 
5.4 (0.3) 3.7 (0.1) 2.6 (0.5) 3.9 
(0.4) 
3.3 
(0.7) 
         
Weight 
range 
1.5-
35.5 
1-26 0.5-18 0.5-18 0.5-7.5 0.5-6  1.5-6 2-5 
         
Number 40 33 501 499 96 164 14 18 
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3.3.3. Body condition of skinks in different habitats 
Based on visual examination of Normal Q-Q plots and residuals vs fitted graphs, the log 
weight divided by the log SVL (lgwgtsvl) was used for all skink species to measure body 
condition (Appendix B). Data were normally distributed and had equal variance, so 
parametric Tukey tests were used. Despite there being no statistical difference in body 
condition between of the two trips (F = 3.22, df = 1, p = 0.073), the two trips were 
analyzed separately due to the lack of independence between the trips, as the skinks 
were not permanently marked. 
 
AIC modelling indicated that sex or size class (sex/size), followed by habitat and species, 
were the important factors that best described the data set (Table 3.2). In this analysis 
habitat, sex/size and interactions among habitat and sex/size (habitat*sex) were 
investigated. 
 
Table 3.2. Model selection by AIC values indicating which parameters had the most 
influence on skink body condition, * interaction between factors. 
Model Number of parameters Relative A.I.C value 
Species 4 4 
Habitat 4 4 
Grid 8 12 
Sex/Size 2 0 
Sex*habitat 8 10 
Habitat*species 14 22 
Species*Sex*habitat 19 22 
Habitat + species 7 6 
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Oligosoma lineoocellatum 
The multivariate analysis for O. lineoocellatum indicated that there was a significant 
difference in body condition index among the different sex/size classes during both trips 
(Table 3.3). There was no significant difference among the different habitat types in 
March, but there was during December (Table 3.3).  
Table 3.3 Multivariate analysis of the body condition (lgwgtsvl) of O. lineoocellatum  
Effect  December   March   
   F Error df P F Error df P 
Habitat Wilks' Lambda 3.18 976 0.01 1.48 978 0.21 
  Roy's Largest 
Root 
6.4 489 0.00 2.56 489 0.08 
Sex/Size Wilks' Lambda 56.78 976 0.00 42.19 1341 0.00 
  Roy's Largest 
Root 
133.64 489 0.00 181.84 476 0.00 
Habitat * Sex Wilks' Lambda 1.12 976 0.35 22.49 974 0.00 
  Roy's Largest 
Root 
2.07 489 0.08 52.64 489 0.00 
 
Oligosoma lineoocellatum body condition significantly differs among the different sex and 
size classes (December, F = 159.4, df = 2, p < 0.0005, March, F = 144.8, df = 2, p < 
0.0005) (Figure 3.2 and 3.3). Tukey tests indicate juvenile skinks have a lower body 
condition than both the adult males (December, p < 0.0005, s.e. = 0.015 and March, p < 
0.0005, s.e. = 0.017) and the adult females (December, p<0.0005, s.e. = 0.015 and 
March p < 0.0005, s.e. = 0.038). Body condition did not differ between male and female 
skinks (December, p = 0.092, s.e. = 0.011, March, p = 0.226, s.e. = 0.01) (Figures 3.2 
and 3.3) 
 
The average body condition of O. lineoocellatum in the replanted grids was significantly 
higher than in the tussock grids during both the December and March trips (Table 3.4).  
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Table 3.4 Average differences in the body condition of O. lineoocellatum in different 
habitats and whether this difference is statistically significant. Mean difference is the 
average difference between the body conditions of the two habitat types.  
  December   March   
Habitat 1 Habitat 2 Mean difference S.e. P Mean difference S.e. P 
Replanted Tussock 0.56 0.01 0.00 0.03 0.01 0.02 
Replanted Pasture 0.06 0.01 0.91 0.04 0.02 0.11 
Pasture Tussock 0.06 0.01 0.06 0.02 0.02 0.59 
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Figure 3.2: Body condition of male, female and juvenile O. lineoocellatum in December in 
different habitats.  
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Figure 3.3 Body condition of male, female and juvenile O. lineoocellatum in different 
habitats during March 
 
Oligosoma nigriplantare polychroma 
The multivariate analysis for O. nigriplantare polychroma indicated that there was 
significant difference in body condition among the habitats, sex/size class and a 
difference in the interaction between habitat and sex/size (habitat*sex) for both 
December and March (Table 3.5). 
 
For O. nigriplantare polychroma there is a significant difference among the body condition of 
the different sex/size class (December, F = 22.32, df = 2, p < 0.0005, March F = 54.196, df = 
2, p < 0.0005). The body condition of the juveniles is lower than that of the adult male skinks 
(December, s.e. = 0.02321 p < 0.0005, March s.e = 2.168, p < 0.0005) and the adult female 
skinks (December, s.e. = 0.024, p < 0.0005, March, s.e. = 2.172, p < 0.0005). Body condition 
did not differ between the adult male and female skinks (December, s.e. = 0.015, p = 0.346, 
March, s.e. = 0.668, p = 0.788) (Figures 3.4 and 3.5). 
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Table 3.5 Multivariate analysis of the body condition (lgwgtsvl) of O. nigriplantare 
polychroma  
  December   March     
Effect   F Error df P F Error df P 
Habitat Wilk’s Lambda 6.19 68 0.00 4.79 312 0.00 
  Roy's Largest 
Root 
15 35 0.00 6.11 156 0.00 
Sex/Size Wilks' Lambda 5.77 154 0.00 47.19 514 0.00 
  Roy's Largest 
Root 
11.7 78 0.00 64.8 150 0.00 
Habitat * Sex Wilks' Lambda 7.88 70 0.00 12.42 312 0.00 
  Roy's Largest 
Root 
21.32 35 0.00 24.99 156 0.00 
 
 
Body condition did not vary among different habitats for either trip (December, F = 2.474, 
df = 3, p = 0.067 and March F = 2.42, df = 4, p = 0.051). Although, Tukey tests indicate 
that in March the replanted grids had a statistically higher body condition than the 
tussock grids (Table 3.6, Figures 3.4 and 3.5). No skinks were found in the pasture 
during December. 
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Table 3.6 Tukey tests indicating the statistical difference in the mean body condition index 
(lgwgtsvl) of O. nigriplantare polychroma in different habitat types. Mean difference is the 
average difference between the body conditions of the two habitat types. 
  December   March   
Habitat 1 Habitat 2 Mean difference s.e. P Mean difference s.e. P 
Replanted Tussock 0.08 0.03 0.09 0.04 0.01 0.03 
Replanted Pasture NA NA NA 0.05 0.03 0.09 
Pasture Tussock NA NA NA -0.01 0.02 0.83 
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Figure 3.4 Body condition (lgwgtsvl) of O. nigriplantare polychroma in different habitat 
types during December.  
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Figure 3.5 Body condition (lgwgtsvl) of O. nigriplantare polychroma in different habitat 
types during March. 
 
Oligosoma infrapunctatum 
In December, the multivariate analysis for O. infrapunctatum indicated there were 
significant differences among the habitats, sex/size and the interaction between habitat 
and sex (habitat*sex). In March, there was no statistical difference among the habitats 
(Table 3.7). 
 
There was a difference in body condition between sex/size for O. infrapunctatum 
(December, F = 35.016, df = 2, p < 0.0005, March, F = 3.116, df = 2, p < 0.0005) 
(Figures 3.6 and 3.7). In March body condition was lower in the juveniles than the adult 
males (s.e. = 0.042, p < 0.0005) and adult females (s.e. = 0.04, p < 0.0005) (Figure 3.6 
and 3.7). In March, there were no statistical differences between the adult male and 
female skinks (s.e. = 0.03, p = 0.982). Post hoc tests in December were not performed, 
as only one juvenile was caught. 
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Table 3.7: Multivariate analysis of the body condition (lgwgtsvl) of O. infrapunctatum in 
December and March 
  December   March    
Effect   F Error df P F Error df P 
Habitat Wilks' Lambda 6.19 68 0.00 1.64 50 0.18 
  Roy's Largest 
Root 
15 35 0.00 2.19 26 0.13 
Sex Wilks' Lambda 48 48 0.00 23.45 34 0.00 
  Roy's Largest 
Root 
418.61 25 0.00 27.07 18 0.00 
Habitat * Sex Wilks' Lambda 7.88 70 0.00 4.51 50 0.00 
  Roy's Largest 
Root 
21.32 35 0.00 9.71 26 0.00 
 
In December there were no significant differences among the different grids (F = 0.608, 
df = 5, p = 0.695). In March there was a difference at the 5% level of significance (F = 
2.703, df = 5, p = 0.047). Body condition did not significantly differ among the habitats in 
either December or March (Table 3.8). 
 
Table 3.8 Tukey tests indicating the statistical difference in the mean body condition 
(lgwgtsvl) of O. infrapunctatum in different habitats. Mean difference is the average 
difference between the body conditions of the two habitat types. 
  December   March   
Habitat 1 Habitat 2 Mean difference s.e. P Mean difference s.e. P 
Replanted Tussock 0.05 0.02 0.08 0.01 0.04 0.98 
Replanted Forest 0.03 0.34 0.98 0.1 0.04 0.05 
Forest Tussock 0.05 0.04 0.45 -0.13 0.05 0.09 
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Figure 3.6: Body condition index (lgwgtsvl) of O. infrapunctatum in December in different 
habitats. 
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Figure 3.7: Body condition index (lgwgtsvl) of O. infrapunctatum in March in the different 
habitats  
 
Oligosoma zelandicum 
Only 11 O. zelandicum were caught in December and 18 in March. This makes data 
analysis difficult and less reliable. There was no statistical difference between the grids 
(December, F = 1.343, df = 2, p = 0.33, March, F = 0.558, df = 2, p = 0.585). Oligosoma  
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zelandicum was only found in three grids, two of them tussock. There were also no 
significant differences between the sexes (December, F = 1.668, df = 2, p = 0.265, March 
F = 2.786, df = 1, p = 0.119). 
 
3.3.4 Tail loss 
All four species of skink on Stephens Island exhibited high levels of tail loss (~ 82% for all 
species). The difference between the two trips was not significant (X2 = 0.421, v = 1, 0.5 
< p < 0.75). For all species except O. zelandicum, the skinks caught exhibited higher tail 
loss in March (82%, s.e. 0.014) than it was in December (75%, s.e. 0.017) (Table 3.9). 
There was no difference between tail loss in males (82%, s.e. 0.016) and females (83% 
s.e. 0.015) over both trips. The tail loss of juvenile skinks, however, was much lower, with 
48% (s.e. 0.043) of skinks having lost tails (Figure 3.8). By species, O. infrapunctatum 
had the highest percentage of tail loss and O. lineoocellatum had the lowest (Table 3.9). 
This difference between the species was not significant, ( X2 = 4.151, v = 3, 0.25 < p < 
0.5 for December or March, X2  = 6.27, v = 3, 0.05 < p < 0.1).  
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Table 3.9 The percentage of the sampled skinks exhibiting some degree of tail loss in the 
four skink species on Stephens Island over two trips. 
Species Trip Percentage of sampled skinks 
with evidence of tail loss 
s.e. 
O. infrapunctatum December 86 0.06 
 March 97 0.03 
O. lineoocellatum December 73 0.02 
 March 80 0.18 
O. n. polychroma December 77 0.04 
 March 88 0.03 
O. zelandicum December 85 0.10 
 March 71 0.08 
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Figure 3.8 The 95% confidence level of the proportion of tail loss by sex/size class during 
both December and March. 
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Oligosoma lineoocellatum 
The proportion of individuals caught with missing tails did not differ among the different 
habitat types in either December (X2  = 5.819, v = 2, 0.05 < p < 0.1) or March (X2 = 0.7, v 
= 2, 0.1 < p < 0.95).  However, tail loss was higher in the pasture grids in December and 
in the replanted grids in March compared with the other grids during the same period 
(Table 3.10).  
 
Tail loss did significantly differ between the grids for both December (X2 = 14.15, v = 5, 
0.01 < p < 0.025) and March (X2  = 20.69, v = 5, p < 0.001). Skinks in the replanted grid G 
had lower tail loss than most other grids. In December, there were statistical differences 
between the replanted grids C and G (X2 = 5.45, v = 1), replanted C and pasture H (X2 = 
10.05, v = 1), tussock E and replanted G (X2 = 5.09, v = 1) and replanted G and pasture 
H (X2 = 5.25 v = 1). In March there was a statistical difference between replanted C and 
tussock D (X2 = 4.87, v = 1), replanted C and G (X2 = 16.43, v = 1) and tussock E and 
replanted G (X2 = 7.26, v = 1). 
 
Table 3.10 Mean tail loss for O. lineoocellatum in different habitats. 
Grid Trip Number of 
skinks 
Percentage 
with tail loss 
s.e. 
Replanted December 201 73 0.24 
Replanted March 253 80 0.34 
Tussock December 187 73 0.05 
Tussock March 185 81 0.04 
Pasture December 103 83 0.06 
Pasture March 63 76 0.08 
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Oligosoma nigriplantare polychroma 
O. nigriplantare polychroma tail loss was higher in March than it is in December (Table 
3.11). Neither the difference among habitat types (December X2 = 0.674, v = 1, 0.1 < p < 
0.95, March X2 = 0.67, v = 2, 0.1 < p < 0.95) nor grids (December X2 = 0.954, v = 3, 0.75 
< p < 0.9, March X2  = 3.872, v = 4, 0.25 < p < 0.5) were significant. 
 
Table 3.11. Mean tail loss for O. nigriplantare polychroma in different habitats 
Grid Trip Number of 
skinks 
Percentage 
with tail loss 
s.e. 
Replanted December 27 78 0.12 
Replanted March 15 85 0.07 
Tussock December 41 77 0.08 
Tussock March 72 89 0.04 
Pasture March 8 88 0.13 
 
 
Oligosoma infrapunctatum 
Tail loss was highest for O. infrapunctatum in the forest grids, with all individuals found 
there exhibiting some degree of tail loss. The percentage of individuals missing tails was 
high in all habitats (Table 3.12). There was no significant difference among the habitats 
(December X2  = 2.9, v = 2, 0.1 < p < 0.95 or March X2 = 2.16, v = 2, 0.1 < p < 0.95) or 
among the grids (December X2 = 6.221, v = 5, 0.25 < p < 0.5 or March (X2 = 7.46, v = 5, 
0.1 < p < 0.25). 
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Table 3.12. Mean tail loss for O. infrapunctatum in different for both trips 
Grid Trip Number of 
skinks 
Percentage 
with tail loss 
s.e. 
Forest December 4 100 0 
Forest March 7 100 0 
Replanted December 28 89 0.09 
Replanted March 20 85 0.13 
Tussock December 10 70 0.24 
Tussock March 6 100 0 
 
Oligosoma zelandicum 
Few O. zelandicum were caught (14 in December and 18 in March). Tail loss was around 
75-80% (Table 3.13). Habitat could not be tested but there was no significant difference 
among the grids in either December (X2 = 0.636, v = 2, 0.5 < p < 0.75) or March (X2 = 
3.59, v = 2, 0.1 < p < 0.25). 
 
Table 3.13. Mean tail loss of O. zelandicum in different habitats for both trips. 
Grid Trip Number of 
skinks 
Percentage 
with tail loss 
s.e. 
Replanted December 2 100 0 
Replanted March 1 0 0 
Tussock December 12 75 0.19 
Tussock March 16 82 0.15 
 
 
 
3.4 Discussion 
3.4.1 Summary findings 
In general, body condition of skinks did not differ among the different habitat types. 
Exceptions include a statistical difference indicating body condition was higher in the 
replanted habitat compared with the tussock grids for O. lineoocellatum and O. 
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nigriplantare polychroma in March. Aside from the above, there were no differences 
between body condition in the replanted habitat and other habitats for any of the skink 
species. Nor were there any differences in the proportion of tail loss among the different 
habitat types. This indicates that the changing vegetation has little influence on body 
condition. Juvenile skinks had significantly lower body condition and a lower percentage 
of tail loss than adult skinks. For O. lineoocellatum tail loss was statistically lower in 
replanted grid G compared to the other seven grids. 
 
3.4.2 Body condition in different habitats 
The primary factors which are considered to affect the growth of reptiles include food, 
water, temperature, tail loss and genetic factors (Avery 1994). Vegetation structure 
affects foraging (Karasov and Anderson 1984), thermoregulation (Christian et al. 1983) 
and predator avoidance (Stamps et al. 1983). These are known to influence the 
morphology of an animal (Harvey and Pagel 1991). But in habitats that are optimal for 
skinks, there may be high skink density and high levels of competition. Differing rates of 
food/cover/predation and competition are reasons for or against selecting a potential 
habitat type (Krebs 1994). The reason there is little difference in body condition among 
the habitats may be a result of the trade off involved with this choice.   
 
The habitat types on Stephens Island have different food assemblages in both fruit and 
invertebrate fauna (refer to chapter 4). On Stephens Island skink density has been found 
to be higher in the replanted and tussock habitats (chapter 2). These areas also appear 
to have a wider range of food sources (chapter 4), but they may also have high levels of 
competition. Trap occupancy rate (reflecting skink density) is greater in the tussock than 
it is in replanted habitats (chapter 2), and this may be the reason why the body condition 
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of O. lineoocellatum and O. nigriplantare polychroma are higher in the replanted areas 
than the tussock. 
 
The body condition of juveniles was lower than that of adults, possibly due to other 
factors such as competition with adult skinks, inefficient feeding or energy spent on 
growth. In December, females had slightly higher body condition than males. Many of the 
females were gravid and this increased their body mass. The body condition of male and 
female reptiles can fluctuate, peaking at different times due to courtship or nesting 
(Dickinson and Fa 2000, Hailey 2000).  
 
Oligosoma infrapunctatum was the largest of the four skink species in both SVL and 
weight, followed by O. lineoocellatum. Oligosoma nigriplantare polychroma was the 
smallest (in SVL and weight) of the skinks. Morphological adaptation of lizards to their 
environment has been reported, but most studies investigate limb or tail length (Irschick 
et al. 2000, Melville and Swain 2000, Vanhooydonck et al. 2000, Herrel et al. 2001, 
Kohisdorf et al. 2001, Bickel and Losos 2002). Size of a lizard may affect the rate of heat 
exchange (Asplund 1974), with larger bulky lizards associated with cooler, more densely 
vegetated conditions (Asplund 1974, Scheibe 1987). Oligosoma infrapunctatum was the 
only skink found in the cooler forest habitat (chapter 4). 
 
The effect of tail loss on body condition was examined. It is assumed that skinks missing 
tails have lower body condition due to the loss of tail mass. Given that there was no 
difference in the level of tail loss between habitats, this assumption is unlikely to have 
affected the results. 
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3.4.3 Tail loss in different habitats 
Tail loss and its subsequent regeneration are important survival mechanisms in many 
lizards (Ballinger and Tinkle 1979). For example, lizards Coleonyx variegates with tails 
are more likely to escape predation than C. variegates without tails (Congdon et al. 
1974). The causes of tail loss are varied, but the primary factors are predation (Nemes 
2002) and agonistic encounters (Gvozdik 2000). While competition or interspecific 
aggression may be the reason behind tail loss in some grids, it may be predation in 
others. For example, levels of tail loss are higher in the forest, where there are low 
numbers of skinks, but high numbers of tuatara (S. punctatus) (Carmichael et al. 1989). 
Levels of tail loss are also higher in the replanted grids and the tussock grids, where 
there are few tuatara (personal oberservation), but high numbers of skinks. Skinks are 
preyed upon by several of the bird species present on Stephens Island, including 
starlings (Thompson 2000), blackbirds (Bell 1996), moreporks, kingfishers, seagulls and 
harriers. Starlings were observed feeding in pasture, blackbirds in the forest, harriers 
over tussock and the redbilled gulls over Muehlenbeckia vines (chapter 4). The different 
causes of tail loss (such as predation or competition) may result in the lack of difference 
among the grids and habitat types. Phillpot (2000) also found no difference in tail loss 
between habitat types for O. lineoocellatum and O. nigriplantare polychroma on North 
Brother Island, New Zealand. 
  
For O. lineoocellatum, the replanted grid G had lower levels of tail loss compared with 
the other grids. This grid has high levels of cover (from the long grass and shrubs) and 
comparatively few tuatara (personal observation). The density of the most aggressive 
skink O. lineoocellatum (East et al. 1995) was lower than in the other replanted grid. With 
lower levels of competition and predation, a higher proportion of skinks are able to keep 
their tails intact. Juveniles were more likely to have complete tails than adults. This may 
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just be a function of age, the older you are, the more likely the chance of predation. 
Variation of differing tail loss at different ages has been found elsewhere (eg Ballinger 
and Tinkle 1979, Phillpot 2000). 
 
3.4.4 Conclusions 
Many factors influence the body condition of an animal. Despite the differences among 
the habitats, there was no effect on body condition or tail loss. The revegetation has not 
negatively affected the body condition of lizards; in fact O. nigriplantare polychroma and 
O. lineoocellatum appear to benefit from it. Vegetation on Stephens Island has been 
changing for the last 100 years (Brown 2000) and the skinks may have adapted to 
vegetation change. The skinks are able to exploit favourable habitat types. This means 
island restoration could be fast tracked, with no harmful effects to the body condition of 
skink. However, the lack of skinks in the forest indicates that a fully forested Stephens 
Island may decrease both skink abundance and biodiversity (chapter 2). The role of intra 
specific and inter specific competition, skink density and predation as a cause of tail loss 
needs to be further explored, possibly in a lab based experiment. This information would 
be very useful for the translocation of reptile species.    
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Chapter 4 
 
The influence of microhabitat features on the distribution and abundance of skinks 
on Stephens Island / Takapourewa 
 
Abstract 
I investigated the role of habitat structure, temperature, food distribution and predation on 
the distribution and abundance of skinks (Oligosoma lineoocellatum, O. infrapunctatum, 
O. nigriplantare polychroma and O. zelandicum) on Stephens Island (New Zealand). 
Four habitat types were studied: forest, pasture, replanted and tussock. All species were 
found in greater abundance in the long grass and young trees of replanted or tussock 
habitats.  Key findings from this study indicate there are positive correlations between the 
density of skinks, their food sources, and the temperature of the environment and a 
negative correlation with the presence of predators. Thermal attributes of the 
environment and inter or intra-specific competition also play a role in skink distribution.  
 
4.1 Introduction 
Habitat selection is the collective orientational response of an animal to its environment 
(Heatwole 1977). Animals are not distributed randomly (Martin and Salvador 1995). 
Animals respond to certain environmental stimuli, both biotic and abiotic, and this can 
determine the distribution of the population (Krebs 1994).  
 
Lizards respond to numerous stimuli, including substrate (Martin and Salvador 1995, Fair 
and Henke 1997), habitat structure (Heatwole 1977, Castilla and Bauwens 1992), threat 
of predation (Stamps 1983, Carrascal et al. 1989), thermoregulation (Christain et al. 
1983, Singh et al. 2002), potential food sources (Karasov and Anderson 1984, Diaz and 
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Carrascal 1991, Chase 1998) and evaporative water loss (Neilson 2002). Structural 
characteristics of the environment are primary in reptile habitat selection (Heatwole 1977, 
Martin and Lopez 1998).  
 
In this study I investigated habitat characteristics in the four skinks species Oligosoma 
infrapunctatum, O. lineoocellatum, O. nigriplantare polychroma and O. zelandicum on 
Stephens Island (East et al. 1995). These skink species are omnivorous, eating both 
insects and fruit (McCann 1956).  Oligosoma lineoocellatum and O. nigriplantare 
polychroma are more common in open grassy habitat (East et al. 1995), O. nigriplantare 
polychroma is also found in dry areas (Gill and Whitaker 2001). Oligosoma 
infrapunctatum is normally found in open forest, scrubby or tussock areas, and O. 
zelandicum is found in forest, shady or moist situations in farmland or gardens (Gill 1976, 
Gill and Whitaker 2001). These four species can occur sympatrically. 
 
Stephens Island is a Wildlife Sanctuary in the north-western Marlborough Sounds (New 
Zealand) administered by the Department of Conservation (Figure 1.1). The island has 
experienced extensive vegetation changes; approximately 80% of the forest on Stephens 
Island has been removed (Brown 2000).  Despite this, it has remained a refuge for many 
species including the tuatara, Sphenodon punctatus, Hamilton’s frog Leioplema 
hamiltoni, three gecko species and the four skink species mentioned previously (Brown 
2000).  About 10,000 seedlings are planted each year on Stephens Island (Knight 
pers.comm) to enhance natural vegetation. There are a variety of habitats including, 
forest, scrub, tussock, vineland, rank grass, pasture grass and replanted areas (East et 
al. 1995). The skinks are distributed differently in these habitats (East et al. 1995, chapter 
2), but little is known about what drives this distribution.  
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I investigated the effects of habitat structure (cover and height of vegetation), 
temperature (maximum temperature, and the temperature range in each of the habitats), 
food sources (fruit and invertebrates) and threat of predation on skink abundance and/or 
distribution. The knowledge of what factors influence skink abundance and/or distribution 
is useful for species and conservation management and will help to determine any 
negative impacts of processes such as revegetation. 
 
4.2 Methods 
4.2.1 Skink sampling 
Skinks were caught by pitfall trapping between the 26th November - 5th December 2002 
and 8th - 14th March 2003, following the recommendations of Moseby and Read (2001). 
There were eight grids, two for each habitat type: pasture, replanted, tussock and forest 
(Figure 2.1). Similar aspect, bird activity and sheep disturbance were sought throughout 
all grids. Actual grid location was determined by a stratified design. There were 16 pitfall 
traps (totalling 128 buckets) in each grid.  The pitfall traps were four litre plastic buckets, 
with four 6mm drainage holes (recommended by Philpot 2000, Markwell 2002). To 
prevent the skinks dehydrating, the pitfall traps had a layer of dirt and a damp sponge 
(moistened twice daily). The traps did not have shade covers as covers reduce the 
capture rate (Hobbs and James 1999). The traps were baited with a 1cm3 piece of 
canned pear (Whitaker 1967). Each individual skink caught was weighed with a PesolaTM 
balance, accurate to 0.5g, and measured with a ruler, accurate to 1mm, for snout-vent 
length (SVL), vent-tail tip, and tail regeneration. Each individual was marked with a silver 
metallic pen (Artline 990XF).  
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4.2.2 Vegetation 
The vegetation species composition, height and cover in the 0.89m2 area around each 
pitfall trap were recorded. Species were categorised by whether they produced fruit or 
not. The numbers of bird burrows, slope and the aspect of each grid were also recorded.  
 
4.2.3 Weather and temperature 
Weather data was recorded using three methods.  
1. The permanent weather station on the northern end of Stephens Island recorded the 
daily maximum and minimum temperatures, humidity, wind direction and speed, rainfall 
and atmospheric pressure. 
2. From 19th September – 22nd November 2003 data loggers (Tidbit Stowaway Onset 
Computer Corp) were placed in each grid to record the temperature every two hours 
(Figure 2.1).   
3. Cloud cover and wind strength were recorded on an arbitrary scale from 1 to 5.  
1. No cloud cover and / or no wind 
2. Few clouds and / or light winds (breeze) 
3. Moderate cloud cover, and / or moderate winds 
4. Compete cloud cover over the sky, and / or strong winds 
5. Fog, mist or rain and / or gale force winds. 
 
4.2.4 Invertebrate sampling 
Data collected by Tim Markwell in 1996 was used to estimate the distribution and 
abundance of invertebrates in different habitats (Markwell 1999). Markwell’s forest, 
pasture and tussock grids (A, B, D and E, Figure 2.1), were the same as those used for 
this study. 
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In addition, invertebrate were sampled in conjunction with Jennie Franke and Tim 
Markwell 17th – 21st November 2003. Two grids were laid in three habitat types (forest, 
replanted and pasture). Grids were the same as those used for the skink research, forest 
(A and B), replanted (C and G) and pasture (F and H) (Figure 2.1). In each grid five 
insect pitfall traps were laid in a 1m2 area.  Pitfalls were small plastic vials with lids to 
prevent skinks, weta and litter from entering the pitfall trap. Inside the vials Goults 
solution was used to preserve the invertebrates. The biomass, diversity (at order level) 
and abundance were recorded. 
 
4.2.5 Predation 
The feeding behaviour of birds was observed during daylight hours, from the 16th – 23rd 
November 2003. Birds were watched for two to three hours at a time. All feeding 
observations were recorded along with time intervals between each feeding session. 
 
4.2.6 Data analysis 
Data analysis was conducted using SPSS version 11.0. ANOVA with a bonferroni 
correction applied to the capture rate of skinks per trap per day (chapter 2.2.4) to 
determine if the trap occupancy rate differed for skink species between different habitat 
types. Levene’s test was used to determine whether the data set followed a normal 
distribution. Linear regression was used to determine whether temperature, cloud cover 
or wind level had any effect on the capture rate of skinks.   
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4.3 Results 
 
4.3.1 Vegetation: Cover and Height  
 
Both vegetation cover (~70%) and height (~3m) were greater in the forest, than the other 
habitat types (Appendix A). The pasture had little to no cover, and the grass had a 
maximum height of 0.25m. Cover in the tussock grids was nearly 30% while the height 
was 0.25m (s.e. 0.12) on average. Cover differed in the two replanted habitats; grid C 
had 39% cover, while grid G had 18%. Height averaged 0.9m (s.e. 0.37) (Appendix A). 
 
Height of the vegetation was positively correlated with the percentage cover (F = 5.097, p 
< 0.0005). Capture rate of the skinks (total and by species) was not significantly related 
to either vegetation height or cover (Table 4.1and Figure 4.1), except plant cover did 
negatively affect the capture rate of O. nigriplantare polychroma (Table 4.1). Oligosoma 
zelandicum is not included in analyses as there were too few captures. 
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Table 4.1: ANOVA table of skink captures (total and by species) and their relationship to 
cover and height of the vegetation surrounding the pitfall traps 
 Source Sum of 
Squares 
df Mean 
Square 
F Sig. 
Total skink captures Cover 9826.72 38 258.6 1.14 .41 
 Height 10684.8 35 305.28 1.34 .28 
 Cover * 
Height 
8047.57 36 223.54 0.98 .54 
       
O. infrapunctatum Cover 136.05 38 3.58 .39 .99 
 Height 150.70 35 4.31 .46 .97 
 Cover * 
Height 
92.23 36 2.56 .28 1.0 
       
O. lineoocellatum Cover 10857.56 37 293.45 1.05 .49 
 Height 15853.10 34 466.27 1.67 .16 
 Cover * 
Height 
5426.51 34 159.6 0.57 .91 
       
O. n.  polychroma Cover 1632.85 38 42.97 3.31 .01 
 Height 612.45 35 17.5 1.35 .28 
 Cover * 
Height 
572.32 36 15.9 1.22 .35 
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Figure 4.1 Total skink captures per trap compared with the cover of the vegetation over 
each pitfall trap. P value is 0.413. 
 
4.3.2 Trap occupancy of skinks in different habitats  
The trap occupancy of O. infrapunctatum in replanted habitat was significantly higher 
than in the forest or the tussock. Trap occupancy of O. lineoocellatum was also 
significantly higher in the replanted than in the tussock and pasture habitats, but more O. 
lineoocellatum were caught in the tussock than in the pasture. Trap occupancy for O. 
nigriplantare polychroma was significantly higher in the tussock than the replanted and 
pasture habitats, and higher in the replanted compared to the pasture. For Oligosoma 
zelandicum the only statistical difference in trap occupancy was between the replanted 
and the tussock (Figure 4.2, Table 4.2).  
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Figure 4.2 Capture rates of the four skink species in different habitats on Stephens 
Island. Total capture rate was highest in the tussock grids compared to the other grids. 
 
 
Table 4.2 Comparison of whether skink capture rate differs in different habitats. 
Bon is the bonferroni adjustment (the P value has to be under this value to be significant), r 
represents replanted, p = pasture, t = tussock and f = forest habitat, *significant differences 
Species Fp Fr Ft Pr Pt Rt Bon 
O. infrapunctatum 0.49 0* 0.02 0.19 0.45 0* 0.008 
O. lineoocellatum 0.16 0.02 0.02 0* 0* 0* 0.008 
O.n. polychroma 0.51 0.20 0.03 0* 0* 0* 0.01 
O. zelandicum NA 0.56 0.44 0.56 0.44 0* 0.017 
 
 
4.3.3 Weather and temperature 
Temperature and the capture rate 
The total capture rate of skinks was positively affected by the maximum temperature (F = 
63.31, p < 0.005) (Figure 4.3 and 4.4) for both trips.  
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Figure 4.3 Comparison of skink capture rate with the maximum daily temperature in 
December. 
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Figure 4.4 Comparison of skink capture rate with the maximum daily temperature in 
March 
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Temperature differences between different grids and habitat types 
The average temperatures were significantly different between the grids (F = 30.08, p < 
0.005). The forest grids had a smaller temperature range and were cooler than the other 
grids (Figure 4.5). The average temperature of the habitat types differed significantly over 
the sampled period (F = 49.49, p < 0.005), with the forest being the coolest habitat and 
the pasture the warmest (Table 4.3).  
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Figure 4.5 Average temperatures and temperature range (minimum – maximum) for all 
grids on Stephens Island between 19/09/03 – 22/11/03  
 
Table 4.3 Comparison of the average temperature from data loggers on Stephens Island, 
between different habitat types from the 19/09/03 - 22/11/03. 
Habitat 1 Habitat 2 Mean difference 
(1-2) 
Standard 
error 
P value 
Forest Pasture -2 0.18 0.00 
Forest Replanted -1.03 0.17 0.00 
Forest Tussock -1.74 0.18 0.00 
Pasture Replanted 0.96 0.19 0.00 
Pasture Tussock 0.26 0.16 0.46 
Replanted  Tussock -0.71 0.18 0.00 
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Cloud, wind and the skink capture rate 
Wind did not significantly affect the combined capture rate of all the skinks (F = 1.87, p = 
0.192) (Figure 4.6). Cloud cover was negatively correlated with the combined capture 
rate of the skinks (F = 14.03, p = 0.002) (Figure 4.7). 
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Figure 4.6 The total capture rate of skink species on Stephens Island in relation to the 
strength of the wind. Findings are not significant.  
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Figure 4.7 The total capture rate of skink species on Stephens Island in relation to the 
level of cloud cover. Findings are significant. 
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4.3.4 Food sources 
 
Fruiting plant species 
The forest, tussock and replanted areas all have fruiting plant species present in their 
grids. The forest had the greatest proportion of fruiting species (~90%), however most of 
these were high above the ground in areas not accessible to skinks. The fruiting species 
in the replanted grids and tussock grids were on average less than a metre high and 
more accessible to skinks (Figure 4.8). 
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Figure 4.8 The proportion of species that fruit in each of the grids and different habitat 
types on Stephens Island. 
 
Invertebrate distribution 
Markwell (1999) found 24 families of invertebrate on Stephens Island. Of these, 16 were 
found in the pasture, 19 in both the grassland and the forest, and 23 in the shrub habitat.  
Invertebrates numbers were higher in the pasture, than in the other three habitat types 
(Markwell 1999) (Figure 4.9), due partly to large numbers of Colembola. 
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Figure 4.9 The number of invertebrates in each habitat type on Stephens Island 
(Markwell 1999). 
 
In 2003, ten orders of invertebrates were found in the replanted habitat, nine in the 
pasture and seven in the forest. There was no statistical difference in the invertebrate 
capture rates between the habitat types (F = 0.36, p = 0.7). The replanted habitat caught 
the largest number of invertebrates over 2mm in size, with a mean of 16.5 animals per 
trap (s.d. 3.31). The pasture caught 12.9 (6.04) invertebrates per trap, and the forest 
caught the least with 11.8 (4.64) invertebrates.  
 
4.3.5 Bird predation 
One incidence of predation of a lizard by a bird was observed on the 20th of November at 
13:20. A red-billed gull was observed catching a lizard (probably a green gecko or large 
skink) on top of Muehlenbeckia vines near the summit on the western side of the island. 
Once the lizard was caught, the bird flew out to sea and returned ten minutes later 
without the lizard. The gull used wind currents to hover and glide low over patches of 
Muehlenbeckia. The bird was seen pouncing five times over an hour period, but only 
once seen with a lizard. Other gulls have been seen gliding over patches of 
       83 
Muehlenbeckia and a similar incidence of predation has also been seen by Margaret 
Freeman (pers. comm).  
 
Blackbirds were observed in the forest, and hunting in and on the Muehlenbeckia vines 
throughout the observation period. During the December 2002 sampling period, a nest of 
blackbirds was located in the forest. Starlings were seen hunting in the pasture, 
collecting insects. The starlings nest in the palace (an old store house) and the shearing 
sheds behind the palace, and were observed feeding their young approximately every 20 
minutes with invertebrates. Harriers were observed flying over grass and tussock 
patches, possibly hunting. They were once seen on the ground (Raewyn sEmpson pers 
comm). No birds were observed hunting in the replanted habitat with long grass. 
 
4.4 Discussion 
Key findings from this study indicate there are positive correlations between the skink 
density, their food sources, and the temperature of the environment, and a negative 
correlation with the presence of predators. Thermal attributes of the environment and 
inter or intra-specific competition also play a role in skink distribution. 
 
4.4.1 Skink density and distribution 
Skink species distribute themselves differently across the habitat types (chapter 2). The 
forest habitat had less temperature variation and was coolest of the habitats. Size of a 
lizard may affect the rate of heat exchange, with larger lizards associated with cooler, 
denser vegetation (Asplund 1974, Scheibe 1987). Oligosoma infrapunctatum (the largest 
skink species) was the only skink found in the cooler forest habitat. The smallest skink 
species, O. nigriplantare polychroma, was predominantly found in the warmer tussock 
habitat.  
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Oligosoma lineoocellatum dominates the capture rate in the pasture, replanted and 
tussock habitats and is the more aggressive species (East et al. 1995). Skink density is 
highest in the tussock and replanted habitats (chapter 2), which implies greater 
competition occurs in these habitats. Both inter and intra-specific competition play a role 
in skink distribution, potentially forcing skinks into sub–optimal habitat. For example, 
immigration rates of the lizard Lacerta vivipara are negatively affected by density (Massot 
et al. 1992). The young of the lizard Sceloporus undulates are often driven into sub-
optimal habitat where there is greater predation risk (Parker 1994). This study did not 
investigate inter or intra specific competition. 
 
4.4.2 Predation on lizards  
Predation is assumed to be one of the major causes of lizard mortality (Waide and 
Regan 1983, Dunham et al. 1988). Birds are important predators of reptiles (Greene 
1988, Martin and Lopez 1996, Blomberg and Shine 2000). Birds were seen in the forest 
and pasture, but not in the replanted habitats. Predators of skinks, such as starlings were 
recorded feeding in the pasture. Blackbirds and moreporks were sighted in the forest. A 
starling on Stephens Island was recorded catching three skinks within 1.5 hours in 
pasture (Thompson 2000). For the rock dwelling gecko Oedura lesueurii, avoiding 
predation was the most important attribute in habitat selection (Downes and Shine 1998). 
Lizards living in more conspicuous habitats (such as pasture) have lower survival rates 
and greater injury rates (Parker 1994).  
 
Birds are unlikely to hunt in areas where they cannot locate food (Selas 2001). Long 
grass blocks a bird’s view of potential prey. The decrease in the number of foraging birds 
in the Chihuahuan desert was associated with the increase in herbaceous vegetation 
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(Brown and Heske 1990). Another potential skink predator, the tuatara, is a visual 
predator (Meyer-Rochow 1991). Prey items are less visible in long grass and the chance 
of the prey item escaping may increase as smaller animals have greater mobility. For 
these reasons predation pressure may be lower in the replanted habitat. 
 
4.4.3 Food sources 
Invertebrate fauna benefit from revegetation (Collinge 2000), for example, revegetation 
increased the abundance and species richness of Coleoptera on Matiu-Somes Island 
(Watts and Gibbs 2002). Skinks are omnivorous and will eat any invertebrate they can 
overpower (McCann 1956).  
 
Both the current survey and the Markwell (1999) survey found more orders of 
invertebrates in revegetated or scrub habitat. I found no significant difference between 
invertebrate numbers and the vegetation type, although numbers were greater in the 
replanted habitat. This invertebrate survey was small. A more in-depth survey may find 
greater differences. There were a greater percentage of accessible fruiting plants in the 
replanted and the tussock habitats. Greater sources of food supply lead to a decreased 
home range for skinks (Eifler and Eifler 1999) and therefore a greater density of skinks. 
Food availability has been shown to influence population density and location (Boutin 
1990, Pitt 2002).  
 
4.4.4 Vegetation cover and height 
The capture rate of skinks was not altered by cover or vegetation height surrounding 
each pitfall trap (with exception of cover for O. nigriplantare polychroma). Reptiles are 
known to seek out habitats with specific thermal attributes to regulate their body 
temperature (Huey et al. 1982, Singh et al. 2002). Skink thermoregulatory behaviour may 
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hide any interaction between the capture rate and vegetation height or cover; skinks may 
seek sunshine or shade depending on the temperature of the surrounding environment to 
obtain optimal temperature. The lizard Lacerta lepida has been shown to select complex 
habitats (Castilla and Bauwens 1992). Complex habitats, such as the revegetating areas 
provide a wider thermal range.  
 
4.4.5 Wind and cloud cover 
Wind did not affect the capture rate, but skinks are small enough for the pasture grass to 
shelter them. Capture rate was affected by the level of cloud. A positive correlation 
between cloud cover and temperature was also found in Otago skink Oligosoma grande 
(Coddlington and Cree 1997). Skinks, being exothermic reptiles, are more likely to be 
caught when they are not inhibited by thermal inertia.  
 
4.4.6 Conclusion 
Food sources, threat of predation, competition and thermal attributes play important roles 
in the selection of a habitat. The replanted and tussock habitats have significantly higher 
numbers of skinks than the pasture or the forest habitats. Both habitats had accessible 
fruit, and a variety of invertebrates. Both also have a range of vegetative cover, giving a 
wider thermal range. Predation is possibly lower in the replanted habitat. Revegetated 
areas currently support high a density and diversity of skinks due to numerous attributes 
of the environment. However, should revegetation, through plantations or natural plant 
succession create more forest habitat it is likely that skink populations will decline 
(chapter 2). Maintaining a mosaic of habitat types will protect Stephens Island 
biodiversity.   
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Chapter 5. 
 
The use of toe clips to determine wild skink survival 
 
Toe clips were used to mark individual skinks for a 1992 mark-recapture study into the 
distribution and abundance of the reptile species on Stephens Island (East et al. 1995). 
The skink species were Oligosoma infrapunctatum, O. nigriplantare polychroma, O. 
lineoocellatum and O. zelandicum. In 2002-2003 summer, I investigated revegetation 
effects on skinks. In doing so, I was able to search for the toe clipped skinks from the 
East et al. (1995) survey to estimate wild skink survival.  
 
Two surveys were undertaken: 26th November - 4th December 2002 and 8th-15th March 
2003. There were eight grids, two in each habitat type (forest, tussock, pasture and 
replanted) each with 16 pitfall traps. Four grids were replicates of the East et al. (1995) 
survey, one forest, one replanted, and both tussock grids. 
 
Results 
I found numerous animals with missing toes (11% or 92 individuals), but none that 
matched the combinations of the East et al. (1995) survey. Natural toe loss could change 
the unique toe clip number of a skink through predation (Nemes 2002) or antagonistic 
encounters (Gvozdik 2000). This possibility was investigated, but without results. From 
this work, I was unable to determine skink survival in the wild, either because the 
individual skinks had died or emigrated, or because I could not distinguish between toe 
clips and natural toe loss so the original toe clip number has been lost.  
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Discussion 
Little is known about survival of reptiles in the wild. The longest known record in New 
Zealand is of tuatara with survival estimated at 80+ years (Nelson unpubl. data). The 
Duvaucel’s gecko Hoplodactylus duvaucelii (Thompson et al. 1992) and the common 
gecko H. maculatus are known to have survived for at least 36 years in the wild 
(Bannock 1999). In captivity skinks in New Zealand have been known to live for 30+ 
years; two skinks, Cyclodina whitakeri and C. macgregori, caught as adults in the late 
1960s, are still breeding (Dennis Keall pers.com). Skink survival rate in the wild depends 
on a variety of factors, including, predation and food supply. Ctenotus species in the 
Southern Australian arid zone was found to have longevity exceeding three years in C. 
regius, four years in C. schomburgkii and five years in C. leonhardii (Read 1998). 
Founding individuals of a translocation of three skink species Cyclodina alani, C. oliveri 
and Oligosoma whitakeri on Korapuki Island (Mercury Islands), New Zealand, were 
caught 12 years after release (Towns and Ferreira 2001). 
 
This survey suggests that toe clips for skink populations may not provide an accurate 
measure for long-term studies. Ten years for some species may be too long to track 
individuals, especially with large populations and low capture probability. The longevity of 
reptiles in the wild is hard to determine, as marked individuals need to be followed for 
more than one or two seasons. With the ongoing monitoring of reptile populations more 
accurate information about New Zealand reptile survival may be formed.  
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Chapter 6.  
 
Summary of results and discussion 
 
Ecological restoration, which often includes revegetation, is normally considered to be 
beneficial for native fauna. However, research predicts that only one, Oligosoma 
infrapunctatum, of the four skink species (Oligosoma lineoocellatum, O. nigriplantare 
polychroma, O. infrapunctatum and O. zelandicum) will benefit from revegetation on 
Stephens Island (East et al. 1995). I investigated the impact of revegetation on the 
distribution, abundance and body condition of skinks on Stephens Island to test this 
prediction. I also investigated the survival rate of skinks in the wild and potential factors 
that may influence skink distribution. This information was collected over two survey trips 
in December 2002 and March 2003. The survey was conducted under Department of 
Conservation permit number LIZ0203, and Victoria University of Wellington Animal Ethics 
Approval, permit number 2002R8. 
 
6.1 Summary results 
A total of 651 individual skinks were caught between 26th November – 5th December, 
2002 and 714 individual skinks were caught between 8 - 14th March 2003. All captured 
skinks were weighed, measured, numbered and released. Over both trips O. 
lineoocellatum was the most abundant skink, followed by the O. nigriplantare 
polychroma, O. infrapunctatum and O. zelandicum (Table 6.1) 
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Table 6.1: Total number of skink individuals caught //(percentage of total). 
Trip O. lineoocellatum O. infrapunctatum O. n.  polychroma O. zelandicum Total 
      
December 501 (77%) 40 (6%) 96 (15%) 14 (2%) 651 
March 499 (70%) 33 (5%) 164 (23%) 18 (2%) 714 
Totals 1000 (74%) 73 (5%) 260 (19%) 32 (2%) 1365 
 
 
6.1.1 Abundance, density and distribution of skinks 
Population and density estimates could only be performed on O. lineoocellatum as the 
capture and recapture rates of the other three species of skink were too low. Oligosoma 
lineoocellatum was the most abundant of the species (74% of all individuals caught). The 
density of O. lineoocellatum was highest in the replanted area (3020/ha in December and 
3770/ha in March), followed by the tussock (2690/ha in December and 2560/ha in 
March). Its density was lowest in the pasture (1740/ha in December and 1960/ha in 
March). Oligosoma lineoocellatum density in the replanted habitat was significantly 
higher than in the tussock. In December density was significantly higher in replanted and 
tussock habitat compared with the pasture.  
 
The replanted and tussock habitats had the greatest diversity of skinks. The tussock 
habitat had all four skink species present. Oligosoma infrapunctatum was the only skink 
found in the forest, while O. lineoocellatum was the only skink found in the pasture 
(except for a few O. nigriplantare polychroma in March). 
 
Significantly more O. infrapunctatum were caught in the replanted areas than were 
caught in either the tussock or the forest. The number of O. nigriplantare polychroma 
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caught was significantly higher in the tussock than the replanted habitats, and higher in 
the replanted area than the pasture. Oligosoma zelandicum was only found in the 
tussock and replanted grids, the capture rate was significantly higher in the tussock than 
the replanted grids. 
 
6.1.2 Change over time: The impact of revegetation 
There has been little change in the abundance and diversity of skinks since the East et 
al. (1995) survey in areas where the vegetation has remained unchanged. The forest, 
tussock and pasture grids recorded similar capture rates and species diversity. 
 
The diversity and abundance of skinks have increased in the area that was previously 
pasture during the East et al. (1995) survey and has since been replanted. Previously 
only O. lineoocellatum were caught in this grid. Now all four skink species have been 
captured. The trap occupancy rates have increased, O. lineoocellatum from 0.33 to 2.5, 
for O. nigriplantare polychroma from 0.03 to 0.11 and for O. infrapunctatum from 0.01 to 
0.22. Oligosoma zelandicum trap occupancy increased from 0.00 to 0.01.   
 
The density for O. lineoocellatum in the replanted habitat is not significantly different 
between the two studies. The East et al. (1995) survey found few skinks resulting in a 
wide density estimate of 224-17363/ha at the 95% confidence level. This survey gave 
95% density estimates ranging from 2930-4111/ha. 
 
6.1.3 Morphology and body condition  
Oligosoma infrapunctatum was the largest of the four species of skink with snout-vent 
length (SVL) ranging from 31-115mm over both trips. Oligosoma lineoocellatum had an 
SVL range of 22-101mm, O. nigriplantare polychroma ranged from 34–79mm. Oligosoma 
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zelandicum had a smallest SVL range of 44-68mm. In most cases the difference in the 
body condition of the skinks in the different habitats was not significant. Body condition 
was higher in replanted and tussock habitats for O. lineoocellatum and O. nigriplantare 
polychroma in March. 
 
6.1.4 Tail loss 
The proportion of the population showing evidence of tail loss did not differ among the 
habitat types or species. Approximately 82% of the skinks had evidence of tail loss. 
Juveniles consistently exhibited lower levels of tail loss (~48%) than adult skinks. For O. 
lineoocellatum, replanted grid G had lower levels of tail loss compared to the other grids, 
possibly due to lower levels of competition and predation.  
 
6.1.5 Other results 
No toe clipped individuals from the East et al. (1995) survey in 1992 were found. There 
are possibly two explanations for this: (1) the individuals were not there to be found as 
they had either died or migrated, or (2) the toe clips could no longer be read. 
 
The capture rate of skinks was not affected by the vegetation height or the cover or by 
wind level. Capture rate was altered by the maximum daily temperature and cloud cover. 
 
Bird predation was observed to be higher in the pasture and forest habitats. Starlings 
(Sturnus vulgaris) were often observed feeding in the pasture. A red-billed gull (Larus 
scopulinus) was observed hunting and capturing a lizard basking on top of 
Muehlenbeckia vines. 
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There was no significant difference in the capture of invertebrate among the habitat 
types. Invertebrate diversity was higher in scrub and replanted habitats. The replanted 
and tussocks had a greater proportion of accessible fruiting plants than the forest or 
pasture habitats. 
 
6.2 General discussion 
Each skink species was predominantly found in one habitat type, either the replanted or 
the tussock habitat. This may indicate microhabitat specialisation caused either by 
competition or local adaptation to a particular niche. Oligosoma lineoocellatum may be a 
generalist species benefiting from disturbance such as vegetation change.  
 
Oligosoma nigriplantare polychroma are found in greatest abundance in the warmer 
tussock. Oligosoma infrapunctatum was the largest of the four species and was more 
common in shaded cooler habitats. Larger skink species are often found in cooler 
habitats (Asplund 1974). Oligosoma zelandicum was the rarest and hardest to catch of 
the four skink species; it is found primarily in the tussock area in traps surrounded by 
vine. Rufaut and Clearwater (1998) indicate that O. zelandicum may be crepuscular. If 
this is the case, there is a chance that this survey may have missed O. zelandicum.  
 
The height and cover of the surrounding vegetation had no impact on the capture rate of 
skinks. There was more food in the replanted and tussock habitats. However there was 
no statistical difference between the habitat types.  Birds were observed feeding in the 
pasture, tussock, and forest habitats. No birds were observed in the replanted habitats. 
Correlations indicate that food sources, potential predation and thermal attributes play 
crucial roles in skink distribution. 
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Despite the differences among the habitats, there were no differences in either body 
condition or the proportion of tail loss between the habitats. Changing vegetation did not 
seem to negatively affect skink body condition. Different habitats may have different 
causes of stress and these may explain the lack of difference in body condition index or 
proportion of tail loss between habitats.  
 
6.3 Limitations of the study 
This project only provides a snap shot in time for the skink species and populations on 
Stephens Island. I did two surveys of Stephens Island. Greater monitoring would have 
increased the accuracy of the density estimates. Further replication of the habitats 
studied would have increased the accuracy of the results and predictions.  
 
Given the numbers of animals caught, time constraints and permit reasons permanent 
marking would not have been possible.  A longer study period with permanent marks is 
likely to have increased the accuracy of the results, particularly with O. infrapunctatum, 
O. nigriplantare polychroma and O. zelandicum. Permanent marks would also give 
survival estimates between trips. Density estimates would be useful for O. 
infrapunctatum, O. nigriplantare polychroma and O. zelandicum for comparison, but as 
the captures and recaptures were too low no estimate could be made. Using trap 
occupancy rates to compare species abundance may be inaccurate as the species may 
have different probabilities of capture. Future research will be necessary to provide a 
more accurate picture and account for greater variation in the skink populations on 
Stephens Island.  
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6.4 Predictions and conservation implications 
When disturbance levels are high, species are in danger of becoming extinct. When 
disturbance levels are low, the system may enter competitive equilibrium and species of 
low competitive ability are lost. Intermediate levels of disturbance such as revegetation 
maximise biodiversity (Krebs 1994). The current mosaic vegetation suggests that 
Stephens Island is probably at the peak of the intermediate disturbance curve. A fully 
forested island is likely to decrease biodiversity. 
 
Many reptile species are becoming rare on the mainland, and Stephens Island currently 
provides a good source for skink translocations. For example, O. lineoocellatum is rare in 
the Wellington region (Whitaker 1982), but is very common on Stephens Island. Forty six 
Oligosoma infrapunctatum were translocated from Stephens Island to Maud Island in 
early 2004. Of the four species of skink, O. infrapunctatum is the most threatened. 
Oligosoma infrapunctatum is the only species found in the forest and possibly the only 
species that could benefit from long term restoration. 
 
All skink species are more abundant in the long grass and young trees of the replanted 
or the tussock habitat. The greater abundance in the replanted areas suggests that, for 
now, revegetation benefits skink populations. If revegetation, through plantations or plant 
succession, creates more forest habitat it is likely that the all four species will decline in 
numbers. It may be argued that skink density may be higher than it was in pre European 
times, due to an increase in the proportion in suitable habitat in the island. Each species 
could potentially be managed by adjusting the proportion of habitat types. A mosaic of 
vegetation types, where some areas are replanted and others (such as the tussock), are 
left as they are, is recommended to maintain the current levels of biodiversity. 
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Appendix A 
Table of the percentage plant species found in each grid. 
 Grid A Grid B Grid C Grid D Grid E Grid F Grid G Grid H 
Tetragonia trigyna    2.3     
Bromus sp.   58.3    73.8  
Cassinia leptophylla    12    1.9  
Coprosma repens 20.3  14.7    12.9  
Taraxacum officinate         7.7 
Dysoxylum spectabile  9.9 6.3       
Elymus solandri     27.3 43.3    
Macropiper excelsum  16.5 18.6       
Melicope ternata  4.7 0.16       
Melicytus obovatus     4.5     
Melicytus ramiflorus  25.3 47.5       
Muehlenbeckia 
australis  
 0.83  10.7 20.5    
Myoporum laetum  18.5 2 3    9.8  
Phormium cookianum    8.8    0.6  
Pittosporum 
tenuifolium  
2.6 4.4 2.3      
Poa cita     56.7 36.2    
Rhopalostylis sapida  18.9       
Festuca arundinacea      67  51.2 
Lolium perenne      12  27.8 
Ground cover  Leaf litter 
and soil 
Leaf 
litter 
and soil 
soil 
(15.2%) 
soil (2%) soil 
(19.8) 
Dirt 
(12%) 
soil 3% Dirt (13%) 
Relative cover 69 76 39 29.6 30.3 4.8 17.8 3 
       108 
Height (m) 3.76 2.6 0.9 0.26 0.23 0.16 0.91 0.15 
Slope  (std dev) 12.25 
(2.36) 
8.25 
(2.36) 
11.5 
(2.38) 
21 (1.41) 6.75 
(0.96) 
20.75 
(1.26) 
25.5 
(1.26) 
20.5 (1.3) 
Aspect NW NE W SSW S E E E 
Burrows 10* 10* 0 19 20 18 0 9 
* Traps were placed in areas were there were few burrows to avoid disturbing nesting 
birds.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix B 
Normality graphs for the body condition index (lgwgtsvl) for Oligosoma lineoocellatum  
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Normality graphs of the body condition index (lgwgtsvl) for O. nigriplantare polychroma  
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Normality graphs for the body condition index of O. infrapunctatum 
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 Normality graphs for the body condition index (lgwgtsvl) for O. zelandicum 
 
 
 
